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THE GROUND-WATER RESOURCES OF MONTGOMERY COUNTY, NEW YORK 


By RUSSEll M. JEFFORDS 


ABSTRACT 


This report is part of a State-wide survey by the U. S. Geological Survey in cooperation with the 
N
w York Water Power and Control Commission. It describes the ground-water resources of Montgom- 
ery County, in the Mohawk Valley region of New York. The County has an area of about 400 square 
miles, and in 1940 included a population of 59,142. Dairy farming and manufacturing comprise the prin- 
cipal occupations. 


The exposed rocks range in age from pre-Cambrian to Recent; they include the crystalline schists 
and gneisses of the Grenville series, the Cambrian Potsdam sandstone and Little Falls dolomite, and the 
Ordovician Tribes Hill, Lowville, Amsterdam, and Glens Falls limestones, Canajoharie and Utica shales, 
and Schenectady formation, and possibly the Frankfort shale. Surficial deposits of glacial till, clay, sand, 
and gravel, together with Recent alluvium, cover the older rocks and forin the surface of much of the 
county. Included is a map showing the areas where the several rock formations crop out at the surface 
or beneath the surficial deposits, and the character and water-bearing properties of each formation are 
described. Results of a preliminary study of the insoluble residues of the several formations are includ- 
ed as an aid to identification of the formations on the basis of well cuttings. 


The ground-water reservoirs are recharged principally by precipitation within the area, although 
some water moves through the water-bearing formations from adjacent areas and into permeable un- 
consolidated material from adjacent streams. Essentially all rural stock and domestic water supplies and 
an important proportion of the urban and rural industrial and commercial supplies are obtaIned from 
ground-water sources. Most wells in the county are drilled, but dug wells are numerous' in rural sec- 
tions and driven wells and springs are used locally. The ground water is suitable generally for most or- 
dinary uses, but commonly it is hard and may contain objectionable concentrations of iron and hydrogen 
sulfide gas. Very deep wells may encounter highly mineralized water that is not potable. 


The chief water-bearing formations comprise the Little Falls dolomite, the Canajoharie and Utica 
shales, and unconsolidated deposits of till and gravel. The present use of ground water does not exceed 
the annual recharge, but heavily,puD;lped areas in Canajoharle arid Amsterdam may be approa<;hing a 
critical condition. Additional ground-water supplies for stock and domestic use may be obtamed through- 
out essentially all the county by means of drilled wells. Somewhat larger supplies-perhaps very large 
supplies at a few places-may be developed locally from gravel deposits at favorable places along the 
Mohawk River. 


Basic data on which this report is based are given in tables. They in<;lude records of 365 wells and 
springs, chemical analyses of water from 28 wells, 1 spring, and 6 surtace supplies, and logs of 8 water 
wells. 



INTRODUCTION 


PURPOSE AND SCOPE OF THE INVESTIGATION 


A cooperative program of ground-water investigations in upstate New York was be- 
gun in 19,45 by the New York Water Power and Control Commission and the Geological 
Survey, United States Department of the Interior. The purpose of the study is to collect 
and analyze data on the occurrence, quantity, quality, and development of ground water, 
to prepare for publication such information as would be of value to the citizens of the State, 
and to assist individuals and State, Federal, and municipal groups in the solution of prob- 
lems relating to water supply from wells and springs. The areas in which ground-water 
studies have been completed and in which work is now in progress are shown in figure 1. 
Reports for Columbia, Delaware, Fulton, Greene, Saratoga, Schenectady, Seneca, Washing- 
ton, and Wayne Counties are being prepared. Reports have been published for Albany, 
Rensselaer, and Schoharie Counties and for parts of Broome and Cortland Counties. 
Ground water is one of the important natural resources in New York (Adams, 1937, 
pp. 69-72) 1 and hence there is a definite need for an adequate understanding of the occurence, 
quantity, and quality of the supply. Three of the eight municipalities served by public 
water-supply systems in Montgomery County rely directly upon ground water, and essen- 
tially all the rural domestic and stock supplies are obtained from wells or springs. In addi- 
tion, an increasing number of industries and commercial establishments in both urban and 
rural areas are utilizing wells as a source of water. Ground water is inherently valuable as 
a natural resource, inasmuch as relatively large supplies are stored in the subterranean rock 
reservoirs for use at any time. Moreover, if withdrawals of ground water do not exceed 'safe 
limits, the supply is replenished periodically by local precipitation, seepage from streams,' or 
both. 


lOCATION AND EXTENT OF THE AREA 


Montgomery County lies in east-central New York State along the Mohawk Valley 
(fig. 1). It is bordered on the west by Herkimer County, on the north by Fulton County,--on 
the east by Saratoga and Schenectady Counties, and on the south by Schenectady, Schoharie, 
and Otsego Counties. The County is approximately rectangular in outline and extends about 
35 miles east and west and 15 miles north and south. It comprises 10 political townships 
and includes an area of about 400 square miles. 


PREVIOUS GEOLOGIC AND HYDROLOGIC WORK 


Numerous studies have been made in the past relative to the geology of Montgomery 
County, but few investigations deal specifically with the ground-water resources. After 
preliminary geologic investigations of the Mohawk Valley by Eaton (1824), Montgomery 
County and adjacent parts of the Mohawk Valley were described in the preliminary and 
final reports on the geology ,of the third district of the Geological Survey of New York 
(Conrad, 1837; Vanuxem, 1838, 1839, 1840, 1841, 1842). Minor modifications were made in 
the conclusions regarding stratigraphic nomenclature by Hall (1847) and in glacial details 
by Dana (1863). Renewed investigation accompanied the construction of the old Erie 
Canal, and this gradually refined concepts regarding structural relationships (Darton, 1894), 
stratigraphy (Prosser and Cumings, 1897; Cumings, 1900; Cleland, 1900, 1903; Prosser, 
1900; Cushing, 1905, 1911; Ulrich and Cushing, 1910; and Ruedemann, 1912), and glacial 
geology (Brigham, 1898; Fairchild, 1912). 
,Current information on the structural geology of Montgomery County and adjacent 
parts of the Mohawk Valley is summarized by Quinn (1933) and Megathlin (1938), glacial 
geology and unconsolidated sediments by Brigham (1929), and consolidated rock forma- 
tions by Ruedemann (1925), Ruedemann and Chadwick (1935), and Kay (1937). General 
geologic data on New York State are contained in papers by Miller (1924) and Goldring 
(1931) . 
Few of these reports treat directly with ground-water conditions in the vicinity of 
Montgomery County, but some information is contained in reports by Fuller (1904, 1905). 


1 References are listed alphabetically at the end of this report. 
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An Investigation of ground-w
ter conditions in the vicinity of Canajoharie was made by :M. 
L. Brashears, Jr., during the recent war, but this information was not published. 


METHODS OF INVESTIGATION 


A single observation well was established in Montgomery County in 1942 for use in 
the integrated network or observation wells in New York State. During the spring and 
summer of 1946, H. R. Rockefeller visited nearly 400 wells and springs in the county and 
obtained data on the depth, water-bearing material, yield, drawdown, water level, general 
character of the water, use, and other features. Much of this information was obtained 
from well owners, tenants, and well drillers. In many cases, only incomplete records for 
wells were available from well drillers and owners. Although a few well-drilling firms keep 
excellent records, a considerable number of drillers do not keep written records except for 
the depth of wells and lengths of casing used, so that in these cases other details of con- 
struction are reported from memory, if at all. In general, little attention is paid to un- 
consolidated materials overlying the bedrock. The necessity for detailed information about 
subsurface conditions for the economical development of ground-water resources, as well as 
for building foundations, etc., makes it imperative that well drillers maintain complete and 
accurate records, and by so doing they will render a valuable service to the people of the 
State, as well as benefit their own profession. 


Samples of water collected from 27 representative sources, including 7 public supplies, 
were analyzed at the laboratory of the New York Department of Health in Albany. The De- 
partment of Health also furnished additional data on water analyses that had been made in 
earlier years. 


Field work was carried on by the writer during the summer of 1946 to determine the 
areal distribution of the several water-bearing formations and other features relating to 
water supply. The areal geology of the consolidated formations shown in plate 2 was'com- 
piled from several earlier maps (Cumings, 1900; Merrill, 1901; Megathlin, 1938) and modi- 
fied by the writer from field observations. 


The locations of all wells and springs for which records are given are shown on plate 
1. The wells have been numbered in order beginning with number Mt 1, and springs have 
been numbered in a separate series beginning with number Mt 1Sp. To aid the reader in 
finding a well or spring location on plate 1, it has been divided into rectangles which, at the 
margins, are lettered alphabetically from west to east and numbered from north to south. 
These coordinates are given in the tables of well and spring records. The other numbers and 
letters indicate respectively the distance in miles and direction from a corner of the rectangle 
in which a well or spring is situated. For example, well Mt 65 (9V, 2.4S, 1.4E) will be 
found 2.4 miles south and 1.4 miles east of the intersection of lines 9 and V. The prefix "Mt" 
in all well and spring numbers has been omitted on plate 1 but all wells and springs shown 
are in Montgomery County. 
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GEOGRAPHY 


TOPOGRAPHY AND DRAINAGE 
Montgomery County lies entirely within the Mohawk Valley physiographic province, 
but the foothills of the Adirondack Mountain province begin only a few miles to the north 
and the abrupt escarpment of the Southwestern Plateau and Catskill Mountain provinces 
border the county immediately to the south (Miller, 1924, fig. 2). The total relief of the 
county is approximately 1,215 feet, although locally on the uplands above the inner valley of 
the Mohawk River the relief does not exceed about 500 feet. The highest elevation is 1,450 
feet above mean sea level on Oak Ridge near the center of the southern border, and the low- 
est point is about 235 feet along the Mohawk River as it leaves the county. 
Montgomery County is divisible readily into the sharply undulating upland area and 
the alluvial flats and level terraces along the Mohawk River and Schoharie Creek (pI. 1). 
The Mohawk River flows from side to side through a steep-walled valley averaging about 
1,000 feet in width, and the width of the flood plain on a given side of the river at any place 
depends upon the position of the river in relation to the valley walls. The flood plain is best 
developed between Fultonville and Fort Hunter and just west of St. Johnsville. Level terrace 
surfaces are conspicuous west of Fonda and in the vicinity of Tribes Hill, Auriesville, and 
St. J ohnsville. 
Away from the river, the surface rises abruptly 250 to 500 feet in less than a mile to the 
uplands. Locally, as northeast of Amsterdam, the surface is relatively flat. Generally, how- 
ever, these areas are moderately to sharply undulating. In the southwestern and southeastern 
corners and along Schoharie Creek the surface comprises irregularly rounded hills and 
steep slopes. The remainder includes small level areas scattered about on an undulating 
surface. The district about Charleston Four Corners is characterized by parallel elongate 
ridges (drumlins) that trend east-west. 
The Mohawk River drains all the surface waters in Montgomery County; some streams 
enter the river directly, whereas others drain into Schoharie Creek, the principal tributary. 
The important tributaries of the Mohawk River include North Chuctanunda, Kayaderosseras, 
Cayadutta, and Caroga Creeks on the north bank, and Terwilleger, South Chuctanunda, Scho- . 
harie, Auries, Yatesville, Flat, Canajoharie, and Otsquago Creeks on the south bank. 
Streams in Montgomery County generally display a dendritic pattern, although rec- 
tilinear or trellis patterns are developed, especially in the south-central portion. Valleys are 
sharply incised as they approach the maj or drainage channels, but commonly the valleys are 
shallow elsewhere. In spite of the large number of streams within the county, some sections 
are not well drained. Natural lakes or ponds are lacking, but swamps occur at many places 
on the uplands. The flow in the upland streams fluctuates markedly and many contain little 
or no water during dry' periods. The volumes of water passing stream-gaging stations of the 
U. S. Geological Survey on the Mohawk River at Little Falls, Herkimer County, and on 
Schoharie Creek at Burtonsville, Montgomery County, are shown in table 1. 


CLIMATE 
The climate of this county is of the continental type, characterized by moderately 
large precipitation, low evaporation, and a wide range in temperature. The summer days 
generally are rather warm and the nights are comparatively cool. Rarely is the heat 'Op- 
pressive for extended periods. The winters are moderately severe in most years and are 
accompanied by heavy snowfall. 
The average mean annual air temperature at Amsterdam is 45.2 degrees F. and at 
Canajoharie it is 46.0 degrees F. The highest temperatures occur during June, July, and 
August, and the lowest in December and January. At Amsterdam the highest rec'Orded 
temperature is 100 degrees F. and the lowest is -30 degrees F. The average growing sea- 
son, or the interval between the last killing frost in the spring and the first killing frost in 
the fall, is about 150 days. Local variation in temperature and precipitation result from the 
marked differences in elevation and relief within the county, and the length of the growing 
season is somewhat shorter on the uplands than in the lowlands. 
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Table l.-Yearly maximum, minimum, and mean stream flow of the Mohawk River near Little Falls, Her- 
kimer County, and of Schoharie Creek at Burtonsville, Montgomery County. Data from records 
of the U. S. Geological Survey. 


Mohawk River at Little Falls Schoharie Creek at Burtonsville 
Flow in ,second-feet Flow in second-feet 
Year 
Mean Maximum Minimum Mean Maximum Minimum 
1934 2,046 14,400 463 
1935 2,901 17,400 970 
19,36 2,928 22,400 630 
1937 3,.061 14,4.00 750 
1938 2,756 17,000 676 
1939 2,248 13,100 503 
1940 2,857 22,4.00 830 1,076 19,400 16 
1941 2,145 14,300 507 354 4,990 7.3 
1942 2,632 16,9.00 681 797 16,500 58 
1943 3,.653 18,500 927 1,309 10,200 14 
1944 2,329 13,500 708 571 10,700 17 


The mean annual precipitation averages about 40 inches, but slight deviations from the 
mean 'Occur frequently (fig. 2). In figure 2, B, the shape 'Of the graph rather than the area 
above or bel'Ow the normal line is the significant feature, as the position of the curve with 
respect to normal is controlled largely by conditi'Ons at the beginning of the peri'Od of record 
in the graph. At Tribes Hill, the recorded annual precipitation has ranged from a minimum 
'Of 26.02 inches in 1930 to a maximum of 45.67 inches in 1945. Precipitation varies only mod- 
erately throughout the year at Amsterdam, from about 4 inches in June, the wettest month, 
to 2.5 inches in January, which normally is the driest month. Slightly less than half the pre- 
cipitation occurs during the growing season fr'Om May through September (fig 3), but nor- 
mally the precipitati'On in Montgomery County is adequate in quantity and the distributi'On 
is satisfactory for agriculture. Snowfall averages ab'Out 60 inches and occurs largely from 
November through February. On the upland areas the snow is somewhat heavier and per- 
sists longer in the spring. 
The prevailing wind direction during all m'Onths is west at Amsterdam, Canajoharie, 
and Fort Plain. Sunshiny days outnumber cloudy days in the spring and summer, but the 
reverse is true in the fall and winter., 


POPULATION 
The population 'Of M'Ontgomery County was 59,142 according to the 1940 census, and 
the increase since 1910 is slightly less than 3 percent, Approximately 65 percent of the resi- 
dents of the county in 1940 lived in urban areas with an average 'Of about 145 people per 
square mile. P'OPulati'On data for the county, villages and city, and the political subdivisions 
are shown in table 2. Estimates for 1945 by the New York State Department of Commerce 
suggest, however, that the population has declined somewhat since 1940. 


TRANSPORTATION 


The main line of the New York Central Railr'Oad fr'Om New York to Chicago f'Ollows 
the north bank of the Mohawk River and passes thr'Ough Amsterdam, Fonda, Palatine 
Bridge, and St. Johnsville. The West Shore Railr'Oad, also operated by the New York Cen- 
tral System, runs along the south bank of the river. Hard-surfaced, F'ederal, State, and 
County highways furnish excellent access to all sections of the C'Ounty. The main roads (State 
Highways 5 and 5S) parallel the Mohawk River, with important lateral branches north- 
ward to Johnstown and Broadalbin, and southward t'O the Cherry Valley turnpike (D. S. 
Highway 20). 
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Figure 2.-Precipitation at Tribes Hill, New York 1917-46. 
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Amsterdam, Montgomery County 
(Elevation, 610 feet) 
Figure 3.-Graphs showing (A.J monthly temperature ranges and, (8) monthly precipitatiorr
ranges at 
Amsterdam and Sharon Springs, New York. 
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Table 2.-Total population in Montgomery County and population in the towns and in urban areas, 1910, 
1920, 1930, and 1940. Data from reports of the U. S. Bureau of the Census. 


1910 1920 1930 1940 
County, total 57,567 57,928 60',076 59,142 
Urban - 36,271 40,061 38,676 
Rural - 21,657, 20,015 20,466 
Amsterdam, city 31,267 33,524 34,817 33,329 
Amsterdam, town 3,074 3,130 3,818 3,911 
Ft. Johnson 600 680 833 868 
Hagaman 875 855 867 933 
Canajoharie, town 3,889 3,784 4,023 4,062 
Ames - - 170 180 
Canajoharie 2,273 2,415 2,519 2,577 
Charleston, town 900 785 494 609 
Florida, town 1,904 1,651 1,80'5 1,848 
Glen, town 2,002 1,782 1,749 1,754 
Fultonville 812 869 831 806 
Minden, town 4,645 4,366 4,232 4,376 
Ft. Plain 2,762 2,747 2,725 2,770 
Mohawk, town 2,488 2,353 2,730 2,753 
Fonda 1,100 1,208 1,170 1,123 
Palatine, town 2,517 2,232 2,287 2,420 
N elliston 737 664 553 638 
Palatine Bridge 392 443 503 585 
Root, town 1.512 1,198 1,021 1,106 
St. Johnsville, town 3,369 3,123 3,000 2,974 
St. J ohnsville 2.536 2,469 2,273 2,283 


The New York Barge Canal, successor to the old Erie Canal, follows the Mohawk River 
across the County and furnishes water transort for some agricultural and industrial prod- 
ucts. Excellent facilities for air transportation are furnished by the airport at Fort Plain, 
which is adequate for large commercial aircraft. 


AGRICULTURE 


Agriculture is the chief occupation in Montgomery County and about 60 percent of all 
of the land is in farms. The type of agriculture has changed gradually from the production 
of numerous crops needed locally to a specialized system under which milk is the principal 
product (tables 3 and 4). Crops for livestock feed, as hay, barley, oats, ,and corn for silage, 
now make up a major part of the tilled acreage, although buckwheat is important locally on 
the poorer soils. Between 1850 and 1930 the acreage used for agriculture declined 11 per- 
cent (Hill and Blanch, 1934), but much of the abandoned farm areas are in regions where 
crop yields are low. For example, in 1931, 23.2 percent of the land in the town of Charles- 
ton had been abandoned as compared with only 3.7 percent in the, town of Minden. The New 
York Conservation Department was reforesting about 10 percent of the county in 1933 and' 
most of this comprised abandoned farm land. 
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Table 3.-Value of livestock, crops, and forest products sold from Montgomery County, 1929 and 1939. 
Data from reports of the U. S. Bureau of the Census. 


Milk products except churned butter 
Butter, churned 
Wool 
Animals butchered on farms, total 
Livestock sold alive, total 
Poultry raised, total 
Chicken egg production 
Honey produced 
Cereal grains 
Hay and forage 
Irish and sweet potatoes 
Frui ts and nuts 
All crops harvested, total 
Forest products, total 


1929 
$3,297,070 
80,601 
3,518 


228,953 
332,280 
26,585 
4'64,383 
1,499,026 
68,516 
103,291 
2,324,107 


19,39 
$2,526,302 
24,531 
669 
72.633 
426,827 
152,944 
246,211 
11,185 
343,580 
1,499,79-6 
35,166 
37,387 
2,045,578 
10,692 


Table 4.-Acreage of crops grown in Montgomery County, 1844, 1874, 1899, 1931, and 1946. Data for 1946 
furnished by Seeber's Lane Grange, no. 1193; other data from Hill and Blanch (1934), 


1874 1899 1931 1946 
Hay 87,903 84,621 67,159 72,000 
Oats 25,356 2-6,640 } 21,564 } 15,000 
Barley 1,036 628 
Buckwheat 5,809 5,028 5,718 } 
Rye 579 1,.097 39 6,0.00 
Wheat 3,5-61 1,224 425 
Flax - 2 - - 
Corn, for grain 7,644 11,449 981 } 1,500 
Corn, for silage - - 14,966 
Peas 339 104 - - 
Other crops - - - 10,.000 


1844 


34,187 
10,917 
7,050 
8,787 
6,979 
4,382 
9,455 
4,850 
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INDUSTRY 


Industry generally is concentrated in the more populated centers, although a large 
proportion of the employees live in rural areas. Milk-processing plants are scattered through- 
out the county and at least one plant is located in each of the larger villages. 
Several plants in Amsterdam produce a large proportion of the Nation's output of rugs, 
carpets, brooms, whisk brooms, and fresh-water-pearl buttons. Other important manufac- 
tured articles include gloves, linseed oil, clothing, beverages, paints, varnish, piece goods, and 
novelties (table 5). Canajoharie is the site of the important Beech-Nut Packing Co., which 
ships large quantities of preserved food products. Manufacturing is carried on to a lesser 
extent in Fonda and Fort Plain. The New York Power and Light Corp., a part of the inter- 
connected Niagara Hudson Power System, operates a modern 60,000-horsepower steam elec- 
tric-generating plant just below Amsterdam. 


Table 5.-Manufacturing establishments in Montgomery County, 1939. Data from New York State Depart- 
ment of Commerce. 


Industry Number 


Food and kindred products.................................,......................................... .................. ....... 36 
Textile-mill products and other fiber manufactures ........................................................ 19 
Apparel and other finished products made from fabrics and similar materials ........ 15 
Printing, publishing, and allied industries ... .................................................................... 9 
Paper and allied products ."..,.,...,.............,..................,.................. ........................... .......... 5 
Chemical and allied products .,..,....,.......,.............................................................................. 4 
Furniture and finished lumber products ....... '....... ,............................................................ 3 
Iron and steel and their products, except machinery .................................................... 3 
Machinery, except electrical ............................................................................................... 3 
Leather and leather products ...'...................................................... ...... ...... ........................ 2 
Nonferrous metals and their products ........... ,.................................................................... 1 
Lumber and timber basic products ............... .................................................................... 1 
Miscellaneous industries ...................................................................................................... 7 


N umber of establishments ..................................,................................................................. 108 


N umber of wage earners, average for year ................................................................ 11,649 
Wages, total for year.............................................,.................................................. $11,115,000 
Value added by manufacture...,........................,..............,....,................................... 31,059,000 
Value of products '.............................................,...................................................... 55,704,000 
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NATURAL RESOURCES 


Although agriculture and industry make up a large part of the economy in Mont- 
gomery County, local natural resources play an important supporting role. The importance 
of fertile soil to agriculture is apparent readily, and the resources of ground water are con- 
sidered later in this report. Sand and gravel are produced for road-surfacing and build- 
ing purposes at numerous locations throughout the county, and large supplies are available 
in the terrace deposits scattered along the Mohawk River. Limestone is quarried for similar 
use rather extensively at Palatine Bridge and southeast .of Amsterdam. Local limestones 
were used formerly for building stone and in the construction of the old Erie Canal, but these 
quarries now are abandoned. The Little Falls dolomite and the Tribes Hill and Lowville 
limestones are relatively pure thick-bedded rocks that may be quarried to yield a good crushed 
rock. The Amsterdam and Glens Falls limestones, as a whole, are too impure for this use, 
but together with the Lowville limestone and the thinly bedded upper part of the Tribes Hill 
limestone they have been used as building stones. These rocks are quarried easily and seem 
to resist weathering satisfactorily where used in buildings and other structures. Placement 
of the blocks on edge, however, results in relatively rapid disintegration. 
Exploration for oil and gas has been carried on in the county, but drilling has not 
yielded these substances in commercial quantities. A well was drilled into the Pots dam sand- 
stone at a depth of 1,556 feet in 1933 near Glen without encountering evidence of oil or gas. 
A well at Palatine Bridge was drilled to either the Potsdam sandstone or the lower part of 
the Little Falls dolomite at a depth of 800 feet, also without success. Shows of gas were 
encountered, however, at depths of 170, 475, and 575 feet. The well was plugged back to 625 
feet and is now used for the public supply of Palatine Bridge, obtaining water from the 
Little Falls dolomite. A deep well at Randall is reported reliably to have produced suffi- 
cient gas to supply a home for 2 years, and well Mt 246 at Randall now produces noticeable 
amounts of natural gas with the water. Although drilling has been largely unsuccessful, the 
reported occurrences of gas and the abundant petrolifero us residue obtained by treatment 
of the Ordovician limestones with acid suggest that continued exploration of the stratigraphic 
trap formed by the pinching out of the Potsdam sandstone and other formations in the vicin- 
ity of Canajoharie may be rewarded by a measure of success. 


GEOLOGY 


SUMMARY OF STRATIGRAPHY 


The rocks of Montgomery County comprise three major units-old metamorphic 
rocks, consolidated sedimentary layers, and surficial unconsolidated materials. The oldest 
rocks include water-deposited sediments that hav
 been greatly modified to crystalline schists 
and gneisses. Following an extensive period of structural deformation and erosion, thick 
lower Paleozoic sedimentary formations were deposited over the county. The lithology of 
these rocks changes gradually from sandstone at the base through dolomites and limestones 
to black shale and sandstone above. These formations have been compacted and cemented to 
form relatively resistant layers, but they have not undergone the intensive metamorphism 
seen in the basement complex. Unconsolidated deposits of clay, sand, gravel, and till of 
Pleistocene age, together with Recent alluvium, now cover much of the surface of the county. 
All the rocks fRat occur below the surface in the county can be seen at the surface 
within the county or in nearby counties. The distribution of the Paleozoic rocks at the 
surface or beneath the drift is a consequence of differential erosion of strata that dip gent- 
ly and that have been displaced along several major faults. The character and ground- 
water supply of the geologic formations in this area are described later in the section on 
Water-bearing formations. 


GEOLOGIC HISTORY 


No single small area provides a complete record of its history, but commonly data 
may be obtained from. more complete records preserved in the surrounding area. Thus, the 
following review of geologic events is based on evidence observed in the rocks of Montgomery 
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County, 'supplemented by pertinent data noted by other geologists in the surrounding dis- 
tricts (Miller, 1924; Goldring, 1931). 


Pre-Cambrian Rocks 
'The earliest known geologic feature was the deposition of thick sedimentary strata. 
Subsequently during periods of mountain formation these deposits underwent metamorphism 
to crystalline schists and banded gneisses and were intruded by igneous rocks. Uplift in 
the latter part of pre-Cambrian time resulted in removal of several thousand feet of rock by 
erosion as the region was reduced toward base level. 


Paleozoic Era 
The Paleozoic began with a continuation of the previous erosion which culminated in 
a relatively level surface that seems to have had a local relief of about 100 feet throughout 
most of New York State. Late in Cambrian time shallow seas encroached from the east 
toward the west, surrounding the Adirondacks and. depositing the Potsdam sandstone. As 
the seas deepened, the clastic sediments were gradually replaced by calcareous materials that 
form the dolomitic limestone of the more extensive Little Falls dolomite. This period of de- 
position was ended by a marked uplift and by erosion of the upper surface of the Little Falls 
dolomite. 
The Ordovician period began with subsidence and deposition of the Tribes Hill lime- 
stone and continued with deposition of the Lowville, Amsterdam, and Glens Falls limestones. 
Minor periods of uplift or retreats of the seas permitted slight erosion before. and after de- 
position of the Lowville limestone. Overlying Ordovician strata include chiefly the black 
Canajoharie and Utica shales and the somewhat more sandy Schenectady formation, and pos- 
sibly the Franfort shale. 
Younger Paleozoic rocks of Silurian and Devonian age undoubtedly extended across 
Montgomery County. During late Paleozoic time, however, the seas withdrew from this part 
of the State and many of the older rocks were removed. ' 


Mesozoic and Cenozoic Eras 
All Mesozoic and most of Cenozoic time is not represented by deposits in the Mohawk 
Valley region, so that information as to geologic conditions is inferred largely from studies 
in other regions. It is evident that the Mesozoic was a long interval of erosion which re- 
sulted in the development of the Kittatinny peneplain throughout the northerp. Appalachian 
region and eastern Canada. At the close of the Mesozoic, the region was warped and uplifted, 
probably about 1,500 feet, so that Tertiary time was again a period of extensive erosion. 
Valleys were cut into the former peneplain but the intervening divides were lowered only 
slightly. At about the same time displacement occurred along faults so as to cause addi- 
tional distortion of the peneplain surface. 
Most of the major features of drainage and topography were well established in the 
Tertiary. Erosion had only partly reduced the surface when additional uplift occurred in 
the late Tertiary. Rapid erosion began again but soon was halted by the Pleistocene glaciation. 
Montgomery County presumably underwent several intervals of glaciation, but deposits of 
pre-Wisconsin ice advances have not been identified in this vicinity. 
As the glacial ice moved southward, lower regiDns along the present ,Champlain Val- 
ley and west of the Adirondacks facilitated rapid movement of the ice, whereas the Adiron- 
dack Mountains temporarily blocked the advance. Thus, tongues of ice moved westward up 
the Mohawk Valley from the Hudson lobe and eastward from the Ontario- lobe (Brigham" 
1929). During the period of maximum ice advance all of east-central New York seems to 
have been covered, but again during waning stages, ice persisted in the Mohawk Valley after 
the surrounding higher areas were uncovered. 
Prior to the period of glaciation, the Mohawk River had its headwaters at a divide 
located at Little Falls, Herkimer County, but the diversion of northward-draining streams by 
the waning ice sheet forced great concentrations of water from the Great Lakes 'region into 
the Mohawk Valley drainageway. This resulted in a gradual reduction of the divide and the 
establishment of the present course of the Mohawk River. The numerous terrace and deltaic 
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deposits along the Mohawk Valley at Yosts, Tribes Hill, and at other places resulted from 
temporary lakes into which swollen streams poured large quantities of rock debris. Tem- 
porary lakes of this nature formed at several levels along the Mohawk Valley when drainage 
was impeded by ice and also on the northward-flowing tributaries where till deposits blocked 
preglacial channels. The history of the glacial waters in the Mohawk Valley are given in 
considerable detail by Fairchild (1912) and Brigham (1898 and 1929), and their reports 
should be consulted for specific data. 
In general the broad Mohawk Valley trench owes its existence to the easily eroded 
Ordovician shales which were removed by streams flowing along the contact of the hard crys- 
talline rocks of the Adirondacks and the softer Paleozoic formations. Glacial action during 
the Pleistocene did not change the major topographic features but merely rounded off irregu- 
larities and deposited thick accumulations of drift in valleys, and depressions so that a con- 
siderable modification of the local drainage resulted. 


STRUCTU RAl GEOLOGY 
The prominent northeast-trending ridges of the Mohawk Valley region and the con- 
spicuous constructions of the valley, as at the Noses near Yosts, result from displacement of 
segments of the rock formations along several high-angle normal faults (pI. 2). These faults 
have not been traced south of the Mohawk River, where the surficial covering of till and the 
uniform character of the shales makes their identification difficult, but they extend some 30 
miles northward into the Adirondacks. The vertical displacement along the Noses fault, which 
is one of the largest, is approximately 500 feet, with the downthrown side to the east. Erosion 
subsequent to faulting usually has exposed the resistant Little Falls dolomite or even the 
crystalline Grenville series on the west or upthrown side, whereas the less resistant Canajo- 
harie and Utica shales lie in low broad areas to the east. Hence, the faults north of the Mo- 
hawk River are marked by high scarps or cliffs. 
The exact time of the faulting has not been determined, but seemingly it resulted from 
tensional stresses that occurred during or following the Taconic disturbances to the east (Me- 
gathlin, 1938; Kay, 1942). 
'The Adirondack axis comprises an inconspicuous topographic feature at the present 
time, but it is a structure that bears importantly on the distribution of the Cambrian and 
Ordovician formations in Montgomery County. This northeast-trending axis, passing between 
Canajoharie and Sprakers, existed during the Ordovician as a low barrier which separated, to 
a greater or lesser degree, the basins to the east and west (Kay, 1937, 1942). As indicated 
later in the discussion of the water-bearing formations, the Lowville, Amsterdam, and Glens 
Falls limestones successively thin and pinch out westward on the flank of the Adirondack 
axis, to reappear in somewhat modified form again in the vicinity of St. Johnsville. 


GROUND WATER 
SOURCE 
Water that flows from wells and springs or can be pumped from wells is known as 
ground water. Most of the ground water in Montgomery County is derived from that small 
part of the local precipitation that percolates into the ground. The water in most shallow 
wells and springs is that which fell on the surface nearby, but water from the deep artesian 
wells may have migrated through water-bearing formations several miles from the outcrops 
of the formations. An inch of water falling on 1 square mile amounts to more than 17,000,- 
000 gallons; thus nearly 700,000,000 gallons is received by each square mile where the pre- 
cipitation is 40 inches a year. Only a small percentage of the total local precipitation, there- 
fore, is required to keep most of the water-bearing strata filled. The water, once it reaches a 
water-bearing formation, percolates slowly to areas of discharge-it flows from springs, seeps 
into streams, is evaporated where the water table is shallow, or is withdrawn from wells. 


OCCURRENCE 
The amount of ground water that is contained by rocks below the surface depends upon 
the characteristics of the interstices or openings in the rocks (fig. 4). The size, number, 
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shape, and arrangement of these interstices differs in each of the many types of rock; thus 
local occurrence of ground water iS f ependent upon the geology. The number and size of in- 
terstices in a rock determine its po osity, or the percentage of the volume of the rock that is 
occupied by openings. A rock is aturated when all the pores are filled. If the interstices 
are not interconnected or are very small, as in a clay, the rock may be saturated but will not 
yield appreciable amounts of water to wells. The permeability, or capacity for transmitting 
fluids under pressure is, therefore, an important factor in determining the water-bearing prop- 
erty of a rock. 
The permeability of the rocks of Montgomery County depends to a large extent on 
the lithology. The unconsolidated materials that were deposited by streams or in ponded 
bodies of water following the retreat of the continental ice sheet comprise relatively distinct 
beds of clay, silt, sand, and gravel. The moderately well sorted gravels have a relatively 
high permeability and yield comparatively large quantities of water. 
Sandstone, which is more or less firmly cemented beds of sand, differs in perme- 
ability according to the difference in size and assortment of the grains and the amount and 
character of the cementing material. The beds of limestone and dolomite are relatively im- 
pervious except for fractures and solution openings. As these rocks are comparatively soluble 
in water that contains common dissolved gases, especially carbon dioxide, fractures and open- 
ings along bedding planes are enlarged readily to channels. Thus, the permeability differs 
greatly and somewhat erratically from place to place, and the yield of wells depends upon the 
number and size of the water-bearing openings that are encountered. Shale, which is largely 
indurated clay, contains such small pore openings that it yields little water to wells, except 
from open bedding planes and joints in shales that are sufficiently indurated to support such 
openings. 


MOVEMENT AND STORAGE 


Water below the land surface is divisible into two general types: the suspended water 
that has seeped into the zone of aeration in the soil and rock near the surface, and water in the 
subjacent zone of saturation, or ground water (fig. 4). In the zone of aeration, percolation of 
water is mainly downward, whereas in the zone of saturation it is dominantly lateral. Some 
of the water in the zone of aeration percolates downward to the zone of saturation, where 
the pores and other openings in the rock and rock material are filled completely with water. 
Springs and wells are supplied by water from this lower zone. The surface separating the 
zone of saturation from the zone of aeration is called the water table. Any rock below the 
surface of the earth that is saturated with water and is sufficiently permeable to yield this 
water to springs and wells is called an aquifer. 
Wells that obtain water from aquifers that are not separated from the water table by 
relatively impermeable beds-that is, aquifers having a water table-are termed water-table 
wells. Many, of the deeper wells encounter water in a completely saturated bed that is be- : 
neath an impermeable layer, so that the water has sufficient pressure head to rise to a level 
above the bottom of the confining bed. These wells are called artesian wells whether or not 
the water flows at the surface. The hydrologic properties of water-table and artesian aqui- 
fers differ importantly, so that their recognition is essential. The surface to which artesian 
water will rise under its full -head is called the piezometric surface. 
Water-bearing materials rarely are perfectly homogeneous but generally they occur in 
layers of differing permeabilities. Many beds are not continuous, but thin laterally or are 
replaced by materials of a different character. Thus, local impermeable beds of limited extent 
may occur in the zone of aeration, and a body of ground water may be "perched" on such a 
local layer, below which are unsaturated permeable materials above the main or regional water 
table. The upper surface of such a perched body of subterranean water is called a perched 
water table. 


FLUCTUATION OF GROUND-WATER LEVELS 


The water table or piezometric surface is not stationary or static, but fluctuates like 
the water surface of lakes and surface reservoirs. It rises when water is added to the subter- 
ranean reservoirs and falls when withdrawal exceeds inflow. The amount of local precipita- 
tion is the most important factor affecting the level of water in wells that are not affected by 
pumping (see fig. 5) but its effect may be modified by other conditions such as the retarding 
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Figure 4.-Diag,rams showing pore spaces in rocks and zones of water. 
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of downward percolation because of frozen ground or the capture of the water for plant use 
or to replenish depleted soil moisture. Figure 5 shows that a large part of the precipitation 
received in the summer is evaporated or used by plants; little of it reaches the water table, 
which declines until the end of the growing season. Shallow water-table wells respond rapidly 
to periods of rainfall but the deeper wells and those in artesian aquifers respond more slow- 
ly. The water table or piezometric surface near areas of pumping is drawn down so that 
water may flow to the wells but generally rises again when pumping ceases or is reduced. 
Water levels in wells are continuous with the water table outside the well, or in artesian 
wells represent the piezometric surface. The character and magnitude of the water-level 
fluctuations, therefore, may be determined from periodic measurements in observation wells. 
These fluctuations of the water table indicate the recharge and discharge of the ground-water 
reservoirs in much the same manner as changes in the water level in surface reservoirs indi- 
cate changes in storage. Analysis of the water-level fluctuations and other data permits de- 
termination as to whether the safe yield of ground-water reservoirs is being exceeded. 
Weekly measurements of water level in well Mt 1, which is northwest of St. Johnsville, 
are shown in figure 5 together with monthly precipitation at Canajoharie. The water level in 
this well fluctuates several feet during a year, going from a high level in the spring to a low 
stage in the early autumn. The minor rise during the late autumn seems to be due to a re- 
duction in evaporation and transpiration from vegetation after frosts. After the autumn rise 
the water level declines to a low stage early in the next year., as a result of continuing nat- 
ural or artificial discharge and of lack of recharge because of frozen ground or the persist- 
ence of precipitation as a snow cover. Then, during the spring, the frost and snow melt and a 
part of the water, together with a part of the spring rainfall, percolates to the water table 
and raises it to the highest stage of the year. 


GROUND-WATER RECHARGE 


The addition of water to the subterranean reservoirs is known as ground-water re- 
charge. Most of the ground water in Montgomery County is derived from local precipitation, 
although the water may have moved through the aquifers for a considerable distance from the 
intake areas. The average annual precipitation as rain or snow in the county is about 40 
inches. Part of this water flows off rapidly as surface runoff, part is evaporated directly, 
part is evaporated (transpired) from plants, and part sinks down to the zone of saturation 
to recharge the subterranean reservoirs. 
The quantity of water that seeps down to the zone of saturation depends upon the 
intensity and quantity of the rainfall, the amount and type of vegetation, the slope of the sur- 
face, the permeability of the soil and underlying materials, and other factors. These features 
differ importantly over the county, so that the amount of water that recharges the water- 
bearing formations differs from place to place. The amount at any particular place can be 
determined only by means of intensive investigations. 
Normally, the streams of Montgomery County receive water from the adjacent perme- 
able sediments toward which the water table slopes. Rapid rises in river stage, however, 
may bring the river level above the water table and allow large quantities of water to enter 
adjacent permeable deposits. Much of this water subsequently drains back into the surface 
stream. Where water can move into or out from the water-bearing formations along a stream, 
heavy withdrawals of water from adjacent wells may lower the water table so that river 
water recharges the aquifer during much of the year (Jeffords, 1945). Rises in pool stage of 
the Mohawk River that accompanied construction of the Barge Canal doubtless raised water 
levels in the adjacent sand and gravel deposits. Wells within a short distance of the Mohawk 
River and drawing water from the sands and gravels that border the river may yield water 
which has entered from the river. For example, it is reported that the concentration of 
chloride in water from such a well at Canajoharie increased greatly for a short period fol- 
lowing the sinking of a barge loaded with salt in the river nearby. 
The selection of a well site near a river bank, however, does not insure recharge from 
the stream, for impermeable material may lie between the river and the aquifer. Where large 
amounts of water are desired, it may be desirable to locate properly designed wells where the 
hydrologic evidence shows that they will obtain recharge from a surface stream as well as 
from local precipitation. 
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Artificial recharge of ground-water supplies has received little attention in the county, 
and at the present time does not seem to be necessary. As the use of large quantities of 
ground water for air conditioning and cooling purposes increases in the urban centers, water 
levels and yields of wells may decline seriously. At such a time the supplies available for 
warm-weather use may be increased importantly by recharging the water-bearing formation 
during the winter with cool filtered water from streams, or from the public-supply system 
where it is obtained from a stream. 


GROUND-WATER DISCHARGE 


Under natural conditions, the annual discharge of ground water is approximately equal 
to the annual recharge. Some ground water is evaporated directly into the atmosphere where 
the water table is shallow. The amount of water lost by evaporation and transpiration varies 
according to the depth to the water table, type of vegetation, character of the soil, and the 
season of the year. The bulk of the water that is added by replenishment from rain and 
snow is discharged from seeps and springs, and this discharge, representing overflow from 
the ground-water reservoirs, sustains the flow of streams in periods of fair weather. 
Withdrawal of water from wells comprises an artificial discharge and generally results 
in an equivalent decrease in natural discharge or an increase in recharge or both. Under favor- 
able conditions and with moderate pumping rates, this artificial discharge will be compen- 
sated for without serious depletion of the reservoirs. Locally, the recharge may be inadequate 
to furnish the water supplies that are withdrawn from the rocks in these places, so that 
ground-water reserves are being used up and the water levels are declining. Great and per- 
sistent lowering of the water levels in wells may be an indication of serious depletion of the 
available supply. In any pumped area, however, there is some initial withdrawal of water 
from storage as the water levels are lowered sufficiently to induce the water to flow toward 
the wells. 


RECOVERY'OF GROUND WATER 


Principles of Recovery from Wells 
The site, method of construction, and type of pump can be determined most readily by 
application of the general principles of recovery of ground water to local conditions. A site , 
should be decided upon after consideration of the local occurrence of water as may be in- 
ferred from records of nearby wells, exposed rocks, and topographic features. Convenience 
and possible sources of pollution may also bear importantly on the location. In general; 
wells to obtain water from alluvial valley deposits should be located at a distance from the 
valley walls, and dug wells in upland areas should be located in thick deposits of soil and 
mantle rock generally in local depressions, where they will drain the greatest possible area. 
The occurrence of water in the deeper consolidated rock formations depends upon local condi- 
tions of geologic structure and stratigraphy; these factors commonly are not reflected in local 
topographic features. Where the cost of the water-supply system is sufficiently great, test 
wells to determine the character and yield of the rocks are of value in. preventing costly fail- 
ures. 


When water is pumped from a well, the difference in head between the water inside 
the well and in the material surrounding it causes water to flow into the well. Thus, the water 
table or piezometric surface about a discharging well has the general form of an inverted 
cone with the apex or lowest point at the well. This cone of depression lowers the water level 
in nearby wells and is a determining factor in the spacing of wells. In artesian wells a de- 
watered cone generally is not formed within the aquifer, but the piezometric surface, or level 
to which water will rise in unobstructed wells tightly cased is drawn down in a similar manner. 
The drawdown in a well and the extent of the cone of depression depend upon the perme- 
ability of the water-bearing material and its saturated thickness, the quantity of water with- 
drawn, the proximity of areas of recharge, the duration of discharge, and other factors. In- 
asmuch as the hydrologic characters of aquifers differ widely, the yield, drawdown, and ex- 
tent of influence of particular wells are difficult to evaluate without adequately planned and 
interpreted pumping tests. 
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rrhe Bpec#ic capacity ol a well, whlch is the rate ol discharge lor each unit of draw- 
down, is expressed usually as gallons a minute for each foot of drawdown. The specific 
capacity of wells differs greatly but generally is much larger for the wells in coarse unconsoli- 
dated materials than for wells in the consolidated formations. Wells in xoodium or coarse 
gravel may have specific capacities ranging from 10 tp 100 gallons a minute or more per foot 
of drawdown. On the other hand, well Mt 116 in Amsterdam, penetrating the Little Falls 
dolomite, is reported to have a yield 'of 40 gallons a minute with an 80-foot drawdown. The 
specific capacity of this well therefore is about 0.5 gallon a minute for each foot of draw- 
down. As the cone of depression eXpands, water must move an increasing distance to reach 
the well. Initial yields or those immediately after a period of rest, therefore, will be greater 
than those obtained during continuous operation. Pumping must be continued until the water 
level in wells becomes essentially stationary for a uniform rate of withdrawal in order to 
obtain useful data on the specific capacity (see,fig. 6). 
Relatively accurate methods have been developed for determining the capacities of aqui- 
fers to transmit and to yield water to wells (Theis, 1935; Wenzel, 1942; Cooper and Jacob, 
1946) . The basic properties determined by means of pumping tests and used for predicting 
the effect of future pumping are the coefficients of transmissibility and storage. The co- 
efficient of transmissibility is generally expressed, for field use, as the number of gallons of 
water a day that will flow across a section of an aquifer 1 mile wide under a hydraulic gra- 
dient (slope of water table or piezometric surface) of 1 foot per mile, at the prevailing 
storage. The coefficient of storage, which for water-table conditions is essentially equal to 
the specific yield or "effective porosity", is expressed as the amount of water, in cubic feet, 
released from storage in a vertical prism of the aquifer with a basal area of 1 square foot 
when the water level is lowered 1 foot. 
As shown in figure 6, the drawdown, and consequently the yield, of wells differs greatly 
in 'accordance with the hydrologic properties of the water-bearing formation. Thus, for ex- 
ample, drawdowns in relatively productive water-bearing formations will be small more than 
a few hundred feet from pumped wells. Drawdowns in less productive formations, however, 
may be considerable at a distance of a thousand feet or more when the same quantity of water 
is withdrawn (see fig. 6, A). Adequate information on the hydrologic properties of water- 
bearing formations, therefore, is essential to estimate satisfactorily the maximum safe yield 
of wells, the most economical spacing of wells, and the desirable size of the pumping equip- 
ment. 


The many factors involved in the location, construction, and development of wells 
makes it advisable to employ reliable well drillers who know local conditions and utilize mod- 
ern methods of construction. A record should be made of the static and pumping level of the 
water and other data obtained during an ,adequate pumping test, and of the materials en- 
countered during drilling. These data aid in the selection of suitable screens, permit exclu- 
sion of water of undesirable quality, and serves as a guide for future repairs or additional 
drilling. ' , ' . 
Dug Wells 
Dug wells are the type of well most widely used in Montgomery County for rural wa- 
ter supply. They are cheaper than drilled wells because they are shallower and require only 
unskilled labor and inexpensive equipment. Dug wells commonly are 2- Y2 to 4-feet in diam- 
eter and are curbed with native stone, brick, concrete blocks, or tile. They are generally 
practicable only in areas in which there is a shallow water table in unconsolidated materials 
that do not cave readily. The large diameter of dug wells is advantageous in obtaining water 
from a poor water-bearing formation because"of the large infiltration area and the large 
stored supply that is immediately available for use. Where the unconsolidated materials are 
too thin, the water table fluctuates widely in response to variations in local precipitation and 
dug, wells are likely to go dry in periods of drought. Dug wells commonly do not yield large 
supplies of water, and also they are difficult to protect against bacterial contamination. 


Driven Wells 
In areas underlain by unconsolidated sand and gravel, in which the water table is at 
shallow depth as near Tribes Hill, driven wells may be adequate for small supplies. These 
wells are constructed by driving down a string of 1% to 3-inch pipe at the end of which is 
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Figure 6.-Graphs showing theoretical drawdowns in aquifers having different 
coefficients of storage and transmissibility. 
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attached a screened drive point. Wells may be driven to shallow depths by means of a maul, 
or to greater depths and in more resistant material by alternately raising and dropping a 
heavy weight by hand or by engine power. The depth to which wells may be driven is limited 
by the resistance of the material, the friction on the pipe, and the chance occurrence of large 
boulders. Under favorable conditions 2-inch wells can be driven 100 feet or more in sand and 
gravel. Although the yield of individual wells is not great, the ease with which they are 
constructed and removed makes driven wells very useful for small domestic and stock use, for 
observation wells, for testing shallow aquifers, and for development of temporary water 
supplies. Installed in batteries and pumped with a suction pump, they may be used for in- 
dustrial purposes. 


Drilled Wells 
These are the best type of w-ell available for obtaining water from consolidated rock 
and some types of unconsolidated materials existing in the county. These wells are constructed 
largely by means of small portable percussion or cable-tool drill rigs that alternately lift and 
drop a heavy drill bit that is suspended by a rope or cable. The bit crushes the harder rocks 
and mixes these and fragments of softer rock with water in the hole so that the cuttings can 
be removed periodically with a sand pump or bailer . Wells drilled into consolidated rocks 
are cased generally only to the top of the rock unless it is desired to shut off unsatisfactory 
water at greater depths. 
Wells in unconsolidated alluvium may be drilled in a similar manner, but more com- 
monly the practice is followed of alternately driving the casing a few feet and then removing 
the material by bailing. These wells are cased throughout their depth and may have screens 
at the bottom or the bottom may simply be left open. The yield of wells in unconsolidated 
sediments generally may be increased considerably by the use of carefully selected screen or 
slotted pipe, or by perforating the casing opposite the water-bearing bed. Such wells should 
be bailed or pumped heavily during development so as to remove fine materials that can pass 
through the openings. -----.---.--------.. ----- 

 - , 
Gravel-packed wells, which are especially adapted to fine-grained aquifers, may be 
useful in developing large amounts of water from unconsolidated gravel and sand. A large- 
diameter casing, generally 24 to 48 inches in diameter, is sunk to the top of the consolidated 
rock formations, and the materials within it are removed. A screen and an attached 12-to 
24-inch well casing is lowered inside. The space between these casings is filled with carefully 
selected gravel, and the outside casing is raised gradually to the top of the water-bearing ma- 
terial or removed entirely. The wells are pumped heavily at first so that fine material about 
the screen is removed and replaced by gravel, thus increasing the effective diameter and intake 
area of the well and forming a filter to prevent fine sand from entering the well. 


Springs 
Springs are natural openings from which ground water is discharged. Some springs 
are used for water supply in the county even though the flow of many declines considerably 
during droughts. Many springs occur along the exposed contact of the crystalline rocks of 
the Grenville series and the overlying Potsdam sandstone or Little Falls dolomite; other 
springs are found along exposures of the Little Falls dolomite and to a lesser extent where 
valleys have been cut into the black shales of the Ordovician. Table 6 shows the records of 
selected springs in Montgomery County. 


UTILIZATION OF WATER 


With respect to use, wells and developed springs in Montgomery County may be class- 
ified as (1) primary and auxiliary public-water supplies, (2) industrial and commercial 
su,pplies, and (3) domestic, stock, and semipublic supplies in rural areas and in villages that 
are not served by public systems. 


Public Supplies 
About two-thirds of the residents in the county are dependent upon public supplies 
obtained from surface waters, but the remaining one-third rely directly upon ground water. 
Eight municipalities in Montgomery County are served by public water-supply systems, three 
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obtain water from ground-water sources and five from surface streams. All these systems are 
municipally operated. 


Fort Plain and N elliston.-Fort Plain and Nelliston, in the north-central part of the 
county, obtain water from North Creek 'at a point about 8 miles north of Nelliston. The en- 
tire system is gravity-controlled, the water flowing from the intake to a 25-million-gallon 
storage reservoir about 1 mile north of Nelliston, and then into the distribution mains. The 
average consumption is about 900,000 gallons a day. The water is of good quality and is 
treated regularly with chlorine, and with copper sulfate when necessary to remove tastes due, 
to algae. Chemical analyses of the water are given in table 8. The supply is ample during 
most seasons, although becoming slightly low in protracted droughts. 
Palatine Bridge.-Palatine Bridge, opposite Can'ajoharie on the north bank of the Mo- 
hawk River in western Montgomery County, obtains its water supply from a drilled well 
(Mt 47) about two miles northeast of the village. This well was drilled to a depth of 800 feet 
in an unsuccessful search for oil and gas, and was subsequently plugged back to 625 feet 
and utilized by the village. The water is lifted from the well by a 15-horsepower, electric 
turbine pump and forced through a base-exchange softening system into a 800,OOO-gallon 
reservoir. The consumption averages about 50,000 gallons a day. The water after softening 
is of good qu
lity for industrial and domestic use. Data on the supply well is given in the 
. 
section on well records and a chemical analysis of the untreated water is given in table 8. 


Amsterdam.-Amsterdam, the county seat and largest city in the county, obtains its 
water supply from three artificially impounded surface reservoirs in the vicinity of Hans 
Creek northeast of the city in Fulton County. The water moves by gravity to a 10-million- 
gallon reservoir above the city and by gravity throughout the distribution system. An aver- . 
age of 10 million gallons of water is used daily, about 50 percent being used by industry and 
the New York Central Railroad. Treatment includes the addition of chlorine and ammonia 
regularly, and copper sulfate when needed. Chemical analyses of the water are given in 
table 8. 


St. J'ohnsville.-St. Johnsville, in the northwestern part of the county, is served by two 
water systems, one for domestic supply and another for industrial supply. The domestic 
supply is obtained from spring-fed creeks in Fulton County about 8 miles north of the village. 
The flow is entirely by gravity and the pressure in the village ranges from 75 to 100 pounds 
per square inch. About 300,000 gallons of water are used each day. Treatment consists of 
the addition of chlorine and ammonia. . 
The industrial supply is obtained from Zimmerman Creek just northeast of the village 
and the supply flows .by gravity through a separate distribution system to the several indus- 
trial consumers. 


Fultonville.-The village of Fultonville, on the south bank of the Mohawk River oppo- 
site Fonda, obtains its water supply from two drilled wells (Mt 264 and Mt 265) just south 
of town. The water is pumped from the wells to the 300,OOO-gallon storage reservoir, and 
flows by gravity through the distribution system. The daily consumption is about 30,000 
gallons. One of the wells yields .water of satisfactory quality, but the other well produces 
water that is high in chloride, hardness, dissolved solids, and hydrogen sulfide. Chemical 
analyses of the water are given in table 8. 
Fonda.-The municipality of Fonda, which lies on the north bank of the Mohawk 
River in the central part of the eounty, obtains its water supply from Briggs Run about 
4 miles west of the village. The system is under gravity flow and the consumption averages 
about 350,000 gallons a day. ,Chlorination is the only treatment used. A chemical analysis 
of the water is given in table, 8. 
Canajoharie.-The water supply of Canajoharie, which is 23 miles west of Amsterdam, 
is obtained from the headwaters of 'Sprite Creek, Fulton County, and from springs near Cana- 
joharie. Practically all the system is under gravity flow. It includes a 1.7 -million-gallon 
storage reservoir. The consumption is approximately 750,000 gallons a day. Chemical 
analyses of the water are given in table 8. ' 
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Industrial and Commercial Supplies 
Industries require large supplies of water, and the location of new industries often is 
determined chiefly by the availability of a large supply of ground water of suitable quality. 
Many industrial establishments are located outside the areas served by public water-supply 
systems, and must, therefore, 4evelop their own sources of water for a variety of purposes. 
Some other plants within towns and cities 1].nd that privately operated water systems are 
more economical when large volumes of water are required. For many industries it is al- 
mO$t a necessity to develop ground water because of its inherent advantages over surface 
water for certain uses. These advantages include its nearly uniform year-round temperature, 
which in the summer is lower than that of surface water, and its uniform and simple chemical 
composition. Treatment other than chlorination of some drinking water generally -is not 
necessary. In both urban and rural areas in Montgomery County laundries, dairies, theaters, 
railro
d shops, and beverage, milk-processing, and food-packing plants use water from wells 
in their product or for cooling and condensing purposes. At least one well is used for dis- 
posalof excess water that collects in sumps. 
Domestic and Stock Supplies 
Most of the inhabitants of farms and small communities not served by public systems, 
and the rural schools, rely ,upon wells and springs for water supply, although a few depend 
wholly or partly upon rain water collected in cisterns. Streams are generally avoided because 
of the danger from contamination. A substantial proportion of the wells, however, yield 
water that is not protected adequately against pollution. 
About 85 percent of the homes in the county had running water in 1940 (Department 
of Commerce, p. 26), but these data include urban as well as rural homes. Most of the rural 
water supplies are obtained by means of dug wells" although shallow drilled wells are increas- 
ing in number. Recurrent droughts periodically create serious problems in the diminution 
or complete failure of water supplies from shallow wells, springs, and cisterns in the rural 
areas. 
Small to moderate supplies of ground water adequate for most domestic and stock use 
are developed from shallow wells drilled into the consolidated rock formations or from dug, 
drilled, or driven wells in the sand and gravel deposits. Locally, springs may constitute an 
adequate source. These installations should be tested carefully to determine the adequacy 
for the required withdrawals (table 7) and to determine the sanitary quality. 
Miscellaneous uses of ground water include the semi-public supplies in resorts, roadside 
watering places. special drinking-water systems in industrial or commercial establishments, 
and bottled water for medicinal or table purposes. For such uses the important characters 
of water are its potability, sanitary purity, freedom from injurious elements, and the pres- 
ence or absence of dissolved minerals of real or supposed medicinal value. 
"Mineral" ground water in Montgomery County is not used now for medicinal pur- 
poses except by persons living near the sources. Some of the waters containing hydrogen 
sulfide, however. are comparable to the "sulfur waters" that are used extensively at Sharon 
Springs in Schoharie County just south of the Montgomery County line. 
Table 7.-Daily water requirements on the farm. 
Adapted from Graver (1946, p. 12) 


Gallons 


Gallons 


Each member of family, 
including all purposes 
as cooking, laundering, 
bath, and toilet ........,....'.. ,...........,..,..,50 
Each work horse ................,........,..........,...., ..12 


Each beef cow ........................... .12 


Each hog ...................................... 4 
Each sheep ..'................,.............. 2 
100 chickens .................'......'....... 4 


Each milk cow .,..."..,.",....,.,...,....,..,.....".,..,..,20. 


100 turkeys ...............'.................. 7 


BAdd 15 to 20 additional gallons a day for each cow, for flush ing stable and for washing dairy utensils. 
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Possibility of Future Development 


The feasibility of developing additional supplies of water from the subterranean res- 
ervoirs in Montgomery County is dependent upon the safe yield of the water-bearing forma- 
tions, or the amount of water that can be withdrawn over a long period of years without 
critical depletion, and upon economic factors such as drilling, pumping, and exploration costs. 
At the present time withdrawals of ground water in the county do not exceed a small fraction 
of that available, but locally in the urban areas of Canajoharie and Amsterdam the use of 
ground water probably is approaching the safe yield. Water levels and yields of wells in 
these areas should be watched carefully to determine conditions more exactly and to give 
warning of approaching water-supply difficulties. Over essentially all of Montgomery 
County, additional supplies of water adequate for stock and domestic supply are available 
from wells drilled into the Little Falls dolomite or the Canajoharie and Utica shales, and 
screened, drilled or driven wells in the permeable unconsolidated material along the Mohawk 
River will yield somewhat larger quantities of water of better quality. 
Seemingly, some extensive areas of permeable unconsolidated water-bearing material, 
such as at Tribes Hill, west of Fonda, at Auriesville, and southwest of St. J ohnsville, could 
be developed to yield moderate to large supplies of water for public or industrial use. Com- 
paratively small areas of coarse gravel that constitute the best water-bearing material in 
Montgomery County occur between Randall and Stone Ridge, across the Mohawk River at 
Yosts, and just east of Fort Hunter. Properly constructed wells in these areas Should yield 
large supplies of water. Upland areas away from the Mohawk River are unfavorable for 
development of moderate to large supplies of ground water, although small stock and do- 
mestic supplies can be obtained generally. 


QUALITY OF WATER 


Information on the chemical characteristics of water supplies is necessary before plans 
are made for the location of industries and for economical and satisfactory treatment of wa- 
ter for domestic and industrial consumption. When the inherent properties of the water are 
known accurately, the most suitable equipment for water treatment, steam-boiler plants, or 
air-conditioning use can be planned and unnecessary equipment or treatment can be elimi- 
nated. 


Chemical 'analyses of water collected fro
 different sources throughout the county by 
H. R. Rockefeller were analyzed by the Department of Sanitation of the New York S'tate 
Health Department. Analysis of water from three wells were furnished by the Beech Nut 
Packing Co., Canajoharie, and analyses of several public supplies were furnished by the 
Health Department. These data, which are given in table 8, indicate generally the character 
of all public supplies and representative ground-water supplies throughout Montgomery 
County. 
The minerals and 
ases present in ground water are those absorbed or taken into solu- 
tion by the water as it fell through the air as rain and as it moved through the soil and rock. 
The variations in the quantity of mineral matter in different waters depends, among other 
things. upon the chemical composition of the rock materials and the duration of the contact 
with them, the temperature, the pressure, and reactions between the soil and rock and the 
constituents in the water previously dissolved from other rock. 
In general the character and amount of the mineral and gases in water from a given 
ground-water source remain relatively constant throughout the year. although changes may 
occur very gradually during longer periods. Water from shallow wells or channels in lime- 
stone, however, may fluctuate in composition in accordance with variations In the rate of re- 
charge and discharge. Also, where wells draw water from alluvial aquifers that are recharged 
to a greater or lesser degree by infiltration from a nearby stream. the chemical composition 
of the well water may change decidedly with changes in the rate of inflow or in the composi- 
tion of the ri ver water. 
The analyses of water from wells in Montgomery County are shown graphically on 
figures 7 and 8 to illustrate the considerable variation in the character of the ground waters. 
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Figure 7.-Analyses of waters from the Little Falls dolomite in Montgomery County. Concentration of cal. 
dum plus magnesium computed from total hardness. 
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Figure S.-An.lyses of waters from the Canajoharie' and Utica shales in Montgomery County. 'Concentra- 
, tion of calcium plus magnesium computed from total hardness. 
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Chemical Constituents in Relation to Use 
Much of this discussion has been adapted from publications of the U. S. Geological 
Survey. 
The chemical properties of water that determine its acceptability for domestic, stock, 
and industrial uses include principally the dissolved solids, the total hardne,ss, the iron con- 
tent, and the amount of hydrogen sulfide (rotten-egg gas). Certain other constituents, such 
as sodium chloride (common salt) and manganese, occur in sufficient abundance locally to 
affect the use of the water. 
Dissolved solids.-The residue remaining after evaporation of a natural water consists 
of the mineral constituents dissolved in the water and generally a little organic matter and 
water of crystallization. Waters having less than 500 parts per million of dissolved solids 
generally are satisfactory for domestic, stock, and many industrial uses, except for difficul- 
ties resulting from hardness or occasional excessive iron content. Waters having more than 
1,000 parts per million of dissolved minerals are likely to contain enough of certain consti- 
tuents to produce an objectionable taste or to make the water unsuitable in some other re- 
spects. Some waters in this latter category may be used successfully for certain industrial 
purposes, such as cooling. 
The known concentrations of dissolved solids in ground waters in the county range 
from 175 parts per million for a shallow well near Tribes Hill to 8,660 parts per million for a 
deep well at Randall (fig. 9). Most of the samples contained less than 500 parts per million. 
Hardness.-This is the characteristic of water that generally receives the most at- 
tention in domestic and industrial use of water. It is recognized by the increased quantity 
of soap that is required to produce a lather, and by the deposit of insoluble mineral scale in 
boilers or kettles when a hard water is heated or evaporated. Carbonate hardness, or that 
due to the calcium and magnesium equivalent to the bicarbonate in the water, may be removed 
almost completely by boiling; but noncarbonate hardness, caused by other compounds of cal- 
cium and magnesium, such as chlorides or sulfates, cannot be removed by boiling. Both car- 
bonate and noncarbonate hardness affect the use of soap. The noncarbonate hardness is par- 
ticularly troublesome in steam boilers, producing a harder scale. 
Water having a hardness of less than 60 parts per million is considered soft, and it is 
not profitable to soften such waters artificially except for certain industries that use water 
having nearly 60 parts in steam boilers. A hardness from 60 to 120 parts per million does not 
seriously affect domestic and most industrial use of water, although the consumption of soap 
is increased somewhat. Municipal softening is not usually practiced but household softening 
equipment is sometimes installed. Softening of the water is likely to be profitable for a laun- 
dry, and prior softening or treatment within the boiler is generally necessary for a steam- 
boiler plant. The effect of water having a hardness of 121 to 200 parts per million is noticed 
by nearly everyone and such water must be softened for use in any industrial process for 
which hard water is detrimental. Household softeners are desirable, and softening of munici- 
pal supplies may be profitable. Waters having a hardness greater than 200 parts per million 
are considered to be very hard and are objectionable for many domestic and nearly all indus- 
trial uses. Softening of municipal supplies is costly but generally profitable, particularly where 
the hardness is more than 300 parts per million. The cost may be reduced by mixing the 
very hard water with softer water from other wells or a stream. 
The hardness of water from wells and springs in Montgomery County ranges trom 20 
parts per million in one of the public-supply wells at Fultonville to 1,200 parts per million in 
a deep well at Randall (table 8, fig. 9). Most ground waters, however, have a hardness of less 
than 400 parts per million. The public supply for Palatine Bridge is softened for general 
domestic use, but most private domestic supplies are not treated. Inasmuch as these domestic 
supplies are mostly rather hard, rain water is collected in cisterns for use when soft water 
is desired. 
Hard water is objectionable in some processes in the soap, tanning, bleaching, high- 
grade-paper, dyeing, textile, and canning industries. Also, commercial laundries require wa- 
ter that has practically zero hardness for economical and satisfactory operation. Most of 
the waters in Montgomery County may be softened satisfactorily, although not economically 
in some cases, by use of zeolite (exchange silicate) softening processes or by the addition of 
lime or lime and soda ash. 
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The very soft waters occur in the deeper wells and are believed to have been naturally 
softened by substitution of sodium for the calcium and magnesium through reaction with 
natural base-exchange silicates (clay minerals) in the rocks through which these wate:rs 
move. 


Iron.---+Many of the wells yield water relatively high in iron, (fig. 10) usually in the 
form of iron bicarbonate. As the water is exposed to air, carbon dioxide is released and 
oxidation of the iron occurs causing the iron in' excess of about 0.,2 part per million to separate 
as a reddish flocculent sediment. Some corrosive waters that lack iron as they occur in the 
rocks may dissolve sufficient iron from the casing or pump pipe to appear at the surface with 
high iron content. 
Water that has a high iron content is disagreeable in taste and appearance and causes 
reddish-brown stains on porcelain or enamel ware and on fabrics that are washed in it. More- 
over, such waters discolor food when used in cooking, especially tea and coffee. Many in- 
dustrial plants, including those manufacturing and preparing foods, carbonated beverages, 
pottery, textiles, chemicals, high-grade paper, and ice, require a water practically free from 
iron. Excessive amounts of iron generally can be removed by aeration followed by settling 
or filtration, although a few waters may require the addition of lime or other chemicals. Some 
conventional water-softening devices also remove iron from the water. The occurrence of iroD 
in ground water is rather erratic and nearby wells may differ markedly in iron cOntent. A 
concentration of iron in excess of 0.2 part per million occurs in about 70 percent of the 
ground waters that were analyzed; the iron content ranges from less than 0.01 part per 
million in several wells to 6.9 parts per million in a well 7 miles south of Fultonville. 
Hydrogen sulfide.-This gas gives the characteristic "rotten-egg" odor found in waters 
in many wells. Waters containing as much as 1 part per million of this gas are disagreeable 
to taste and smell, and also may be quite corrosive. Aeration or exposure of the water to air 
commonly permits escape of the noxious gas. Many waters seem to contain hydrogen sulfide 
as they occur in the reservoir rock. This gas may develop secondarily, however, by the 
action of anerobic bacteria in water within a well or in pipes after the water has left the 
aquifer. These sulfate-reducing bacteria may be killed or reduced to a dormant stat
 by 
treatment of water with a disinfectant such as chlorine. The hydrogen sulfide in' waters in 
Montgomery County probably arises from chemical and bacterial action which reduces the 
iron sulfates within the black shales to sulfides. 
The odor of hydrogen sulfide was noted in the field in waters from many wells, but 
the gas is not detected after the samples were received in the laboratory. . 
Miscellaneous cOnBtituents.-The deep-lying strata, may contain water that is strongly 
saline. The salt and other mineral substances in these brines doubtless were trapped in t
e 
sediments as they were deposited beneath the sea, but during succeeding ages the brine was 
modified to some extent by the addition of fresh water, solution of additional rock materials, 
loss of part of the water, and other factors. Only six of the samples showed objectionable 
amounts of chloride, but excessively deep wells throughout most of the county probably 
would encounter water high in chloride. 
Fluoride in water has been shown to be associated with the dental effect known as 
mottled enamel, which may appear on teeth of children who regularly drink water contain.. 
ing more than. 1 part per million of fluoride (Dean, 1936). The incidence is negligible at con- 
tents less than 1.5 parts per million, the limit now recommended by the Public Health Service 
for water used on interstate carriers. Additional investigations have indicated, moreover, 
that waters containing small amounts of fluoride (less than 1 part per million) may be an 
important factor in decreasing the incidence of dental caries (tooth decay) (Dean, Jay, Ar- 
nold, and Elvove, 1941). Three samples of ground water from Montgomery County $nalyzed 
for fluoride were found to contain only small amounts. The State Health Department found 
0.62 part per million of fluoride in the deeper public-supply well at Fultonville, and C).03 part 
per million in the public-supply well at Palatine Bridge. Water from well Mt 118 near 
Amsterdam contained 0.5 part per million. 
Sanitary COlfSiderations 
The analyses given in table 8 show only dissolved mineral content and certain chem- 
ical properties of the waters; they do not in general indicate the sanitary condition. Ab- 
normal quantities of some mineral compounds, such as nitrate, however, may suggest pol- 
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lution of the water. A water may contain sufficient quantities of dissolved minerals or gases 
to cause disagreeable tastes or odors and yet be lacking in injurious bacteria. Other waters 
may be teeming with harmful bacteria and organic pollution, and yet be clear and pleasing 
to the palate. Contaminated water may contain the microscopic organisms that cause 
typhoid fever, dysentery, diarrhea, or intestinal worms in man, as well as cause tuberculosis, 
hog cholera, anthrax, glanders, and stomach and intestinal disorders (Garver, 1946, p. 3). 
Public suppJies in Montgomery County are checked regularly and are treated carefully 
to prevent polluted water from reaching the homes. Much of the rural population, how- 
ever, is dependent upon private wells so that well owners and drillers should exercise great 
care to safeguard these supplies from hidden organic pollution. Wells should be construct- 
ed so as to seal off drainage at and near the surface. They should not be located in the vicinity 
of possible sources of pollution such as privies and barnyards. In areas where the surface 
is underlain by limestone, such pollution may move very readily through joints and solution 
openings, and special precautions should be taken. The practice of draining sewage and 
wastes into disposal wells or undrained depressions in these limestone areas is particularly 
deleterious, inasmuch as the polluted water may travel directly to wells a considerable dis- 
tance away. 
Drilled wells generally are protected by casing if adequately sealed at the top, but 
many dug wells are poorly sealed near the surface so that they are subject to contamination. 
Improperly sealed wells may show evidence of pollution only at irregular intervals, thereby 
giving a false assurance of safety. 


Quality in Relation to Stratigraphy 


The analyses listed in table 8 indicate that certain mineral constituents may be char- 
acteristic of waters derived from particular geologic formations, but also that the character 
of waters in the same formation may change from place to place, especially with increasing 
depth (figs. 7 and 8). These data facilitate prediction of the chemical type of water that 
may be obtained in a given area at a given depth. Also, useless drilling may be prevented in 
areas where suitable water does not occur, or permit an advance estimate of the cost of treat- 
ment of such water as may be available. 
Water from the Little Falls dolomite ranges greatly in the quantity of dissolved solids 
and in other constituents, but commonly the concentration of sodium and chloride increases 
with depth (fig. 7). Waters from the Canajoharie and Utica shales (fig. 8) generally contain 
an appreciably larger proportion of sodium, and the concentration of chloride does not in- 
crease as rapidly at depth. The glacial till and outwash deposits yield water that is low in dis- 
solved solids and in other constituents except where water from the consolidated rock forma- 
tions is moving into these surficial deposits. 


Temperature 


Information on temperature of ground waters is useful to industries in which the 
efficiency of the system is dependent to some extent upon the temperature of the water used. 
The increasing use of ground water for air conditioning by theaters, stores, office buildings, 
and a few private homes has increased greatly the need for adequate data on the temperature 
of water from wells. The variations in temperature of the available supplies of water are 
also of primary value to the several milk-processing plants in the county that use ground 
water for cooling purposes. 
The great advantage of ground water for cooling purposes is its uniform temperature, 
which during the summer is lower than that of surface water. The temperature of water 
from wells of moderate depth was observed to range from 42° to 56°F. and averaged about 
50°F. Very deep wells may yield somewhat warmer water. Except in the alluvial aquifers 
that are recharged by water from a nearby stream, the temperature of water in any partic- 
ular well more than about 30 feet deep probably does not vary more than 2° or 3° F. during 
the year. Water in shallow dug wells, however, ranges more widely in temperature and that 
in streams still more widely. 
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WATER-BEARING FORMATIONS 


PRE-CAMBRIAN ROCKS 


Grenville Series 
As exposed in Montgomery County the Grenville series comprise sandstones, shales, 
and igneous rocks that have been extensively metamorphosed to crystalline foliated schists 
and gneisses (pI. 2). The original characteristics of the sedimentary rocks have been en- 
tirely obliterated. From a study of thin sections, Kemp and Hill (19.01, pp. r32-r35) found 
that the Grenville in the vicinity of the Noses is largely a garnetiferous schist. Quartz is the 
most abundan. mineral, and the rock contains also reddish-brown biotite, light-red garnet, 
and minor amounts of plagioclase feldspar. The contorted schist is intimately associated with 
masses of hornblendic gneiss. . 
The Grenville series in Montgomery County is exposed only in a small area on both 
sides of the Mohawk River at the Noses just west of Yosts and in an intermittent belt north- 
ward to the county line. These rocks, however, underlie all other rocks in Montgomery 
County and may be encountered in deep wells. The position of the base of the Grenville 
series is not known, but these rocks are considered to be approximately 10,000 feet thick in 
the Broadalbin area, in Fulton and Saratoga Counties (Miller, 1911). 
The crystalline rocks in Montgomery County are undoubtedly comparable in age to 
similar rocks that are exposed throughout much of the Adirondacks and in the border areas. 
The relation of the Grenville to pre-Cambrian rocks of the Lake Superior region is uncer- 
tain. They are placed in the early part of the pre-Cambrian by some writers and much 
later by others (Quirke and Collins, 1930). 
The limited occurrence of pre-Cambrian rocks at the surface and their occurrence 
elsewhere beneath better water-bearing formations precludes extensive water-supply develop- 
ments. Shallow to moderately deep wells that encounter fractures and crevices in the zone 
of weathered rock, however, may yield small supplies of good water for domestic and farm 
use. Inasmuch as the yield of wells is dependent upon the number and size of the joints 
and other, openings that are encountered, drilling should be limited to the upper 1.00 to 200 
feet where these openings are more abundant. Water from the Grenville series commonly is 
quite soft and low in iron. 
Locally, water percolating downward through the overlying formations moves laterally 
over the surface of the Grenville to emerge as springs and seeps along the edge of the out- 
crop of crystalline rocks. 


P ALEOZO IC ROCKS 


Cambrian System 
Potsdam sandstone.- The oldest Paleozoic formation is the Potsdam sandstone, a rela- 
tively pure, thick-bedded vitreous sandstone made up of medium-sized quartz grains cemented 
by silica. The sandstone is light gray to buff in color and weathers white to gray. Many of 
the individual grains are well rounded and frosted so as to indicate rounding and abrasion 
by wind action. Inasmuch as these characters may persist on sand grains after they leave 
the eolian environment, it is not certain that much if any of the formation was deposited by 
the wind in Montgomery County. 
The Potsdam sandstone was named for exposures in St. Lawrence County (Emmons, 
1838), and the formation occurs extensively on the north, south, and east edges of the Ad- 
irondacks. South and west from Saratoga County the sandstone thins rapidly and dissap- 
pears entirely between Yosts and Little Falls. Exposures west of the Noses fault (pI. 2) did 
not permit determination of the thickness, but probably these sandy beds are less than 50 
feet thick. The Potsdam sandstone was not observed in the bluff near the southwestern corner 
of Mohawk Township, but float blocks of sandstone indicate that it is present. At the railroad 
cut on the south side of the river, dolomitic layers similar to the Little Falls dolomite occur 
within a few feet of the top of the crystalline rocks. A hard vitreous sandstone layer com- 
prises the lowest bed along the bluff a few hundred feet to the west, and this may represent 
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the Potsdam sandstone. Evidently, the massive beds of sandstone are lacking in the western 
part of the county, but basal layers of the Little Falls dolomite may contain considerable sand. 
The Potsdam sandstone comprises beds containing locally a few fossiliferous zones 
that indicate Upper Cambrian age. Although such fossils were not observed in Montgomery 
County, the distinctive lithology permits reliable correlation with more extensive exposures 
around the Adirondacks. The Potsdam sandstone in the Saratoga region gradually gives 
way upward to alternating layers of gray sandstone and dolomite, the Theresa dolomite. In 
places, as at Saratoga, also, the upper part of the Theresa consists of alternating beds of dolo- 
mi te and fossiliferous limestone, the Hoyt limestone member. Theresa was not recognized in 
Montgomery County, where the interval between the Grenville series and the Little Falls 
dolomite is relatively thin and not well exposed. 
Although the Potsdam sandstone contains relatively impervious vitreous. quartzite lay- 
ers, some beds seem quite permeable. Springs and seeps are especially abundant along the 
contact of the sandstone and the underlying crystalline rocks of the Grenville series. A few 
shallow wells also obtain small to moderate supplies of water from the Potsdam sandstone 
along the western edge of Mohawk Township. The available records of materials encountered 
in the deep wells do not give reliable information about the stratigraphic position of the 
water-bearing beds, but presumably this sandstone where present, or sandy zones near the 
base of the Little Falls dolomite, comprises an important acquifer. The supply well (Mt 
47) of Palatine Bridge probably obtains much of its water from this horizon. 
Little Falls dolomite.-The Little Falls dolomite, called the "Calciferous sandrock", in 
early'reports, is a light to dark-gray crystalline and subcrystalline dolomitic limestone that 
occurs generally in massive beds ranging from 0.5 to 2 feet in thickness. Certain beds con- 
tain abundant nodules and seams of gray and black chert, and other beds are quite sandy. The 
weathered dolomite characteristically has a sandy appearance, but only a few of the strata 
contain large amounts of sand. In addition to irregular nodules of calcite the formation has 
drusy cavities or vugs containing calcite and quartz crystals, the latter called Herkimer Coun- 
ty diamonds which are almost perfect doubly terminated water-clear specimens eagerly sought 
by collectors. Seemingly, silica was precipitated in the cavities first, and subsequently calcite 
crystallized in part of the remaining space. 
Insoluble residues of representative samples of the Little Falls dolomite consistently 
include large percentages of white dolocastic chert (chert replacing dolomite crystals) to- 
gether with characteristic but minor quantities of green dolocasts. Quartz grains are of two 
types: large well-rounded (and generally spheroidal) frosted grains and small sub angular 
frosted grains. Pyrite and shale are lacking. 
The Little Falls dolomite was Qriginally described from exposures along the Mohawk 
River at Little Falls in Herkimer County, and subsequently was also recognized to extend 
into the Champlain Valley east of the Adirondacks. The formation is 74 to 124 feet thick in 
Hamilton County, 160 to 200 feet thick in the Broadalbin quadrangle in Fulton and ,Sara- 
toga Counties, and 300 to 400 feet at Saratoga Springs. In Montgomery County the dolomite 
is exposed over wide areas north of the Mohawk River and locally along the bluff south of 
the river. The upper and lower boundaries were not observed in the same locality but the 
thickness is at least 300 feet along this bluff. 
The :t;r.1assive layers of the Little Falls dolomite are relatively dense and impermeable 
in t:p.emselves, but water moves readily through openings along joints and bedding planes. 
Commonly, such openings are enlarged appreciably by solution of the calcareous rock by 
water containing dissolved carbon dioxide. Large solution caverns, however, have not been 
noted in Montgomery County. The yield of wells in this formation varies somewhat errati- 
cally in relation to the number and size of the water-bearing channels that are intercepted 
by the well. 
Most of the wells obtain adequate supplies of water for stock and domestic use from 
the Little Falls dolomite at depths ranging from 70 to 120 feet, although larger quantities 
of water may be obtai,ned from wells several hundred feet deep. Where several hundred thou- 
sand gallons of water a day are desired, the yield of wells in calcareous formations may be 
increased appreciably by treatment of the well with hydrochloric acid to enlarge the openings, 
or by a properly placed charge of explosives to develop crevices that may reach nearby water- 
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bearing channels. Use of explosives, however, may result in destruction of the well or in 
loss of the supply previously obtained. Chemical analyses of water from the Little Falls 
dolomite are given in table 8 and figure 7. 


Ordovician System 


Tribes Hilllimestone.-Unconformably overlying the Little Falls dolomite is an alter- 
nating series of massive medium-gray sugary dolomites, dark-blue fine-grained limestones, 
and a dark-gray to black slightly sandy limestone. This formation is distinguished from the 
underlying Little Falls dolomite by the preponderance of limestone over dolomite and the 
occurrence of 
 ne-grained limestones that weather light blue. The operculum (plate, used for 
closing the sh 11) of the gastropod Ophileta is characteristic of the Tribes Hill limestone in 
Montgomery C unty. These beds resemble the limestones of the overlying Lowville lime- 
stone, and see to have been erroneously identified as Lowville in some early reports. Many 
of the beds we
ther to a characteristic fretwork appearance that originally caused the forma- 
tion to be calle
 the "fucoidallimestone." , 
I 
Insolubl
 residues of the Tribes Hill limestone comprise abundant white to gray dolo- 
casts that may i be coarse or fine and lacelike. A few samples contained distinctive waxy black 
chert. Quartz Igrains, which may be lacking, are mostly small and angular but rarely a few 
rounded and f:rrosted grains occur. Most of the samples also contained particles of dark shale 
as well as octaJhedrons and irregular masses of pyrite. 
I 
Goldrini (1931, p. 270) reports that the Tribes Hill limestone occurs south and west 
of the Adirondpck Mountain area, but it has not been identified in the Champlain Valley. The 
limestone is a
out 40 feet thick near Tribes Hill, the type locality, and its thickness does not 
differ notably !in sections observed throughout the county. 
These 
eds are present throughout the county immediately between the Little Falls 
dolomite and 

e Lowville or Glens Falls limestones. On the geologic map (pI. 2) the Tribes 
Hill limestone I is mapped with the Little Falls dolomite. These two formations have about 
the same topo
aphic expression and water-bearing properties. 
I 
The Tri
es Hill limestone comprises the upper part of the "Calciferous limestone or 
sandrock" of 1fu.e early reports on the Mohawk Valley (Vanuxem, 1842.), and in general it 
represents deP t sition under similar conditions and in essentially the same area. Discovery 
of typical Low r Ordovician fossils, such as E ccyliomphalus multiseptarius and Dalmanella 
(?) wemplei, owever, resulted in the identification of an unconformity between the Tribes 
Hill and the C&mbrian Little Falls dolomite (Ulrich and Cushing, 1910). On the basis of faunal 
evidence, the tribes Hill is probably equivalent to part of Division B of the Beekmantown 
sedimentary r
cks (Ulrich and Cushing, 1910, p. 780). 
I 
The Tri
es Hill furnishes small supplies of water to shallow drilled wells, but most 
wells penetrat, and obtain water also from the overlying limestones and the Little Falls 
dolomite belowl. Therefore, data regarding the occurrence of water in the Little Falls dolomite 
apply also to t
e Tribes Hill limestone. 
Lowvill
 limestone.-The Lowville limestone is separted readily from the underlying 
Tribes Hil1lim
stone by its pure, fine-grained or lithographic character and the dove color that 
weathers to a itypical ashen gray. Locally, thick-bedded dove-colored limestone is interca- 
lated with sub
rystalline dark-gray to black limestone. Numerous vertical worm tubes filled 
with calcite gilve a prominent spotted appearance to these beds and readily explain the term 
"Birdseye lim4stone" that has been applied to them. Insoluble residues of the Lowville 
limestone include relatively small amounts of granular pyrite, light-gray shale, and small sub- 
rounded frost
d and clear quartz grains. The following is a section of the Lowville limestone 
along a creek pn the south side of the Mohawk River, about 1.25 roiles southeast of Amster- 
dam. 
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Thickness 
Amsterdam limestone (feet) 
9. Limestone, dark-gray, medium-bedded; contains Streptelasma. 
U nconformi ty at base ......................................................,..,.,.,..".",.,."...,..,.... 
Lowville limestone 
8. Limestone, lithographic, dove-gray; 'contains Tetradium , '............,..,..,.., .... 0.6 
7. Shale, sandy, nodular ....,...........,..,........................,..........,....,.........,..,.................. .1 
6. Limestone, light-gray, sandy, medium-bedded; sandy conglomerate in upper 
part .........,............................................................................................................ .8 
5. Limestone, hard, gray, nodular and sandy .........................................,.............. .3 
4. Limestone, light-gray, argillaceous ..................,.......,.........,..,..,...........,..,........,... .1 
3. Limestone, gray, nodular; weathers shaly ..,...........................,....,........,......... 2.0 
2. Limestone, light bluish gray; weathers white; lithographic '....,...........'...... 1.7 
Tribes Hill limestone 
1. Limestone, massive, gray; weathers buff ........................................................ 


The Lowville limestone is present in sections seen in eastern Montgomery County, but 
it disappears between Fultonville and S'prakers on the east flank of the Adirondack arch. 
, The Lowville is lacking also at Canaj oharie and west of Palatine Bridge to the vicinity of St. 
Johnsville, where they reappear. The thickness changes rapidly within short distances and 
rarely exceeds 3 feet. On the geologic map (pI. 2) the Lowville limestone is mapped with the 
Amsterdam and Glens Falls limestones. 


The beds in Montgomery County that are assigned to the Lowville limestone may be 
correlated readily with the Lowville limestone of the type region in Lewis County, New 
York, on the basis of the distinctive color when fresh and weathered, the lithographic tex- 
ture, and the abundance of the worm tubes called Phytopsis tubulosum. Also, characteristic 
Lowville fossils, such as Tetradium cellulosum (Hall) and Leperditia fabulites were observed 
at seve
al outcrops in the county. ' 


The Lowville unconformably overlies the Tribes Hill limestone and unconformably 
underlies the Amsterdam limestone or the Glens Falls limestone where the Amsterdam is 
absent. Early writers considered the Lowville limestone to be separate from overlying beds 
assigned to the Black River limestone, but later assignment of the formation to the base of 
the Black River group has been followed by most workers (Kay, 1937). 


The Lowville limestone is relatively thin, so that it does not constitute an important 
water-bearing formation in this county. The massive limestone layers are relatively imper- 
vious, but water may enter uncased wells through openings along joints and bedding planes. 


Amsterdam limes ton e.-The Amsterdam limestone includes a variable thickness of pure 
massively bedded gray to black limestone that ranges from dense to coarsely crystalline. 
Many of the beds have a characteristic rough hackly fracture. The formation rests with a 
distinct unconformity on the Lowville limestone, and several thin beds of conglomerate occur 
commonly near the base. The pebbles include fragments from the underlying Lowville and 
Tribes Hill limestones and the Little Falls dolomites. In eastern Montgomery County 2- to 
4-inch beds of fine grayish-blue lithographic limestone occur intercalated between darker 
limestone. Specimens of the colonial coral Columnaria occur typically just above the lower 
contact, and these aid in the identification of this formation. The following is a section from 
the Tribes Hill limestone to the Glens Falls limestone along Terwilleger Creek, about 2.5 miles 
southeast of Amsterdam. 
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Thickness 
(feet) 


Glens Falls limestone (Larrabee limestone member of Kay) 
8. Limestone, light-gray, thin- to medium-bedded, crystalline ...,........................ 2.2 
7. Limestone, thin-bedded, gray, coquinal, contains ostracods, gastropods, cri- 
noid columnals, Strophomena ..,.......,......................,..............,........................ 6.8 
6. Limestone, hard, dark-gray, massive. Unconformity at base ,....................... 1.2 
Amsterdam limestone 
5. Limestone, dark-gray, thick-bedded, base nodular; contains Streptelasma 
and Rafinesquina .............,..,.......,...............,....,..,.......",.....,.......,......................, 8.5 
Lowville limestone 
4. Limestone, dark-gray, weathers light blue, lithographic, massive ................ 1.7 
3. Limestone, medium-grained, dark-gray ......,....,......,......................................... .2 
2. Limestone, dolomitic, argillaceous, platy. Unconformity at base ................ .1 
Tribes Hill limestone 
1. Limestone, dolomitic, has light sugary texture, weathers gray.................... 
The Amsterdam limestone is not readily separated from the overlying Glens Falls 
limestone at all localities in the county, but it seems to thin rapidly to the west from about 
11 feet near the type locality at Amsterdam to 4 feet at Fultonville. It is not identified 
farther west at Sprakers, Canajoharie, and St. J ohnsville. Northeastward in the Champlain 
Valley the Amsterdam limestone reaches a thickness of over 20 feet. 
The Amsterdam, between the Lowvine and typical beds of Trenton age, was termed the 
Mohawk limestone by Conrad (1839), but later it was renamed the Amsterdam limestone by 
Cushing (1911) for characteristic exposures near the city of Amsterdam. The formation 
rests unconformably on the Lowville limestone in eastern Montgomery County, but westward 
and in the vicinity of Saratoga it overlies the Tribes Hill limestone. 
Although the Amsterdam limestone is generally similar in stratigraphic position, lith- 
ology, and faunal character to the Watertown limestone of the western part of the Mohawk 
Valley and the Black River Valley, the Amsterdam has been considered to be a slightly younger, 
uppermost unit of the Black River group (Goldring, 1931). Kay (1937, p. 260), however, 
tentatively includes the Amsterdam in the lower part of the Trenton group. Fossils, in- 
cluding species of Columnaria, Streptelasma (?), Rhynchotrema, Strophomena, and Zygo- 
spira, are relatively common, but they do not permit definite placement of the formation. 
The records of wells in Montgomery County do not distinguish the Amsterdam lime- 
stone from other limestones just above and below. Seemingly, however, joints and bedding 
planes yield small supplies of water to shallow wells, and in uncased 'wells water is added 
to the supply obtained from the deeper aquifers. In general, the Amsterdam limestone 'does 
not constitute an important source of water in the county. 
Glens Falls limestone.-The Glens Falls limestone was proposed to inclu
e basal beds 
of the Trenton group southeast and northeast of the Adirondacks that are older than lime- 
stones exposed at Trenton Falls, Herkimer County, and younger than the Amsterdam lime- 
stone (Ruedemann, 1912). Kay (1937) redefined the Glens Falls limestone largely on faunal 
data to include his Larrabee limestone member at the base and the calcareous shale of his 
Shoreham member above. In Montgomery County, however, the Larrabee member is not 
separated readily from the Amsterdam limestone, and on the Adirondack arch at Sprakers 
and Canajoharie the Glens Falls limestone is lithologically and faunally intermediate between 
the two members distinguished elsewhere. 
The crystalline Larrabee limestone member grades up into Kay's Shoreham member by 
an increase in the number and thickness of the intercalated shale layers, and by a reduction 
in the limestone. At sections exposed in eastern Montgomery County this change in lith- 
ology occurs in about 5 feet of the formation, but on the Adirondack arch the Glens Falls lime- 
stone consists of about 17 feet of crystalline limestone of typical Larrabee lithology interca- 
lated with black shale and black calcareous siltstones. Kay (1937) classifies the strata of the 
Glens Falls limestone at S'prakers and Canajoharie as belonging to the Shoreham member, 
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partly because of the occurrence of the characteristic Shoreham bryozoan, Prasopora ori- 
entals Ulrich. The beds, however, lack the trilobite Cryptolithu8 te8selatus Green, which is 
characteristic of the Shoreham member elsewhere. The following is a section of the Tribes 
Hill and Glens Falls limestones along Canajoharie Creek south of Canajoharie. 


Canajoharie shale 
13. Shale, black, fissile; contains ostracods and pyritized fossils such as 
Strophomena ..................................................................................................... 
Glens Falls limestone 
12. Limestone, medium-grained, contains rounded discoid
l black and gray 
limestone pebbles, black shale partings, Prasopora .........,.......................... 
11. Limestone, medium-bedded, gray, crystalline, coquinal, contains Prasopora, 
B athyuTU8, Encrinurus, and H e8perorthis .......... ... .. .. .. .. .. .. .. : , .. .. , .. . .. .. .. .. .. .. . 
10. Limestone, medium-bedded, coquinal; black shale partings........,..,..,........... 
9. Limestone, thick- to medium-bedded, gray, crystalline ....................,............. 
8. Shale, black, alternating with black argillaceous limestone and gray coqui- 
nal limestone ."..,..,",.,..."....,.,"',...,..........."".,....,.....".......,...,..........,.,.....,....... 
7. Limestone, gray, crystalline, and black, argillaceous, with flat pebbles and 
ripple marks; alternating beds of black calcareous siltstone, Isotelus, En- 
crinurus Calymene, Strophomena, ramose bryozoa, and large orthocera- 
tids. U nconformi ty at base .....,.............................,.........,....,........................... 
Tribes Hills limestone 
6. Limestone, dolomitic, massively bedded, sugary texture, light-gray .',..". 
5. Limestone, thin- and medium-bedded, fucoidal, dark-gray, mottled, weath- 
ers bluish gray, slightly sandy ........ ,............,..................,..,..:..,........,....,....,.... 
4. Limestone, bluish-gray, weathers light blue, thin-bedded, sandy streaks, 
argillaceous zones, massive bluish fucoidallimestone at base....,............,.. 
3. Limestone, massive, medium-grained, light-gray, weathers buff ,....",.,..,..,.... 
2. Limestone, massive, bluish-gray, weathers blue, f
coidal ..,.................,......,.. 
1. Limestone, thin-bedded, conglomeratic, gray, medium-grained .................,.. 
Little Falls dolomite (?) 
Ruedemann originally described the section at Glens Falls, Warren County, as the 
type locality of this formation, but he indicated that the beds at Sprakers contributed im- 
por,tantly to the recognition of the formation. Seemingly, these beds then represent a facies 
alternating between Larrabee and Shoreham conditions and covering the time interval of at 
least part of each member. Subdivisions of the Glens Falls limestone, therefore, are not ap- 
Hcable to the section at Sprakers and Canajoharie. 
The Glens Falls limestone, like the underlying Amsterdam and Lowville limestones, is 
not an important water-bearing formation alone, but it may contribute water to uncased wells 
that penetrate it to reach deeper formations. The water-bearing properties of the Shore- 
ham member are essentially similar to those o£ the overlying Canajoharie shale, except that 
the concentration of hydrogen sulfide gas may be greater. 
Canajoharie and Utica shales.-In most of Montgomery County the unconsolidated 
deposits are underlain by a monotonous sequence of black clay shales that have been sub- 
divided into two formations and several members by means of the graptolite fauna. These 
units, however, are not recognized readily at most localities or in well records, and the water- 
bearing properties and other physical features are so very similar that the Canajoharie shale 
below and Utica shale above are treated here as a single unit. 
The Canajoharie and Utica shales comprise black uniformly fine grained or, more 
rarely, silty calcareous shale beds that range from thin sheets to nearly a foot in thickness. 
The re$idue after treatment with acid is a finely divided mass of soft dark shale and car- 
bODace us matter, usually pyrite, and rarely sand grains. ,Aside from the numerous grap- 
tolites, the' fossils include small brachiopods, cephalopods, ostracods, and the characteristic 
trilobit Triarthrus b-ecki Green. 
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Thickness 
(feet) 


0.6 


1.8 
.4 
3.1 


5.6 


5.8 


3.9 


15.8 


39.1 
2.3 
4.8 
3.9 



As shown on the geologic map (pt 2) the Canajoharie and Utica shales occur in most 
of the county south of the Mohawk River and also in important areas to the north. The 
total thickness of these black shales was not measured in a single section, but studies by Rue- 
demann (1912) and Kay (1937) indicate that the thickness approaC'hes 2,000 feet where 
the uppermost beds have not been removed by erosion. 
The fauna of the Canajoharie shale indicates that this particular part of the shales 
is equivalent in age to calcareous beds of Trenton age in the western part of the Mohawk 
Valley, and gives way eastward to the Schenectady formation. The Utica shale is of upper 
Trenton age and is approximately equivalent to Raymond's Cobourg limestone and Collingwood 
formation and Gloucester formations of the Thousand Island region. The interrelationships 
of these facies of the Trenton along the Mohawk Valley is reviewed in detail by Kay (1937). 
The black shales are considered reliable sources of small to moderate water supplies 
because of numerous and relatively uniformly distributed joints and bedding planes along 
which water may move. Although large supplies rarely are obtained from these shales, 
most of the shallow wells are little affected by droughts. As in the calcareous formations, 
the use of moderate charges of explosives may open up cracks for the entrance of additional 
water where the original supply was inadequate. The wells range in depth from about 80 
to 350 feet, but a majority of wells obtain their supplies of water within 125 feet of the 
surface. 
Much of the water from these formations is moderately high in iron and contains ob- 
jectionable quantities of hydrogen sulfide gas. Chemical analyses of water from the Cana- 
joharie and Utica shales are given in table 8 and figure 8. 
Schenectady formation.-The black Canajoharie and Utica shale unit gives way up- 
ward abruptly and grades eastward into alternating beds of fine-grained blue-gray sandstone 
and black to olive-gray platy shale. The shale beds become more arenaceous and the sand- 
stones more prominent and massive in the upper part of the formation in Montgomery 
County. Many of the sandstones are cross-bedded and lenticular in form so as to suggest 
deposition' in relatively shallow water. 
The .schenectady formation is well exposed in the bluff' along Schoharie Creek near 
the southern border of Montgomery County and in a few outcrops in the uplands in the 
southern part of the county. Its thickness is in excess of 1,500 feet to the east in Schoharie 
County, but it is more than a few hundred feet in thickness only in the higher parts of 
Montgomery County. Inasmuch as the consolidated rock formations are covered by drift, 
and exposures are relatively rare in the upland portions of the county, plate 2 indicates the 
distribution of the Schenectady formation only approximately. 
The Schenectady formation was named by Reudemann (1912) from exposures near 
Schenectady to include the sandy shale and sandstones overlying the Canajoharie shale. 
Previously these beds had been assigned to the Frankfort shale or to the "Hudson River" 
shale, but'Ruedemann's study of the graptolites indicated that the Schenectady is older 
than the Frankfort shale of the Utica region. 
The seaweed Sphenophycus latifolius (Hall) occurs commonly throughout the Schenec- 
tady together with a few eurypterids and numerous graptolites, such as Climacograptus typi- 
calis (Hall), in the shale layers. The fauna includes types that occur in other formations of 
Trenton age, so that Kay (1937) suggests that this formation probably represents an east- 
ward, shoreward facies of the Canajoharie shale. 
The Schenectady formation yields small supplies of water to drilled wells and springs 
in the southern part of Montgomery County, but the low permeability of the sandstone layers, 
which is due to the poor sorting and considerable cementation, and the occurrence of the beds 
chiefly on the higher hills, precludes extensive water-supply development. 
Frankfort shale.-Kay (1937) recognized graptolites that indicate a Frankfort or 
Upper Ordovician age for some of the black shales of the southwestern part of Montgomery 
County. This unit, however, is lithologically similar to underlying beds in the upper part of 
the Trenton group, and it is not identified from well records or in the few exposures. There- 
fore, no attempt is made in this report to distinguish the Frankfort shale, whose lithologic 
and hydrologic character in this county is similar to that of similar subjacent formations. 
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CENOZOIC ROCKS 


Quaternary System 
Pleistocene series.-As the thick Pleistocene ice sheet advanced, weathered soils were 
stri ped off and the underlying rocks were differentially eroded. This accumulated rock 
deb . s was dropped subsequently when the ice melted, and it comprises the unconsolidated 
clay, sands, gravels, and mixed materials that now form a veneer over most of the county. 
Stu ies elsewhere in New York State and in New Jersey and Pennsylvania indicate that this 
area underwent several major periods of ice advance and retreat. The latest or Wisconsin 
ice dvance, however, destroyed or masked essentially all deposits of previous glaciation. 
Pleistocene series-Glacial till.- The rock debris released directly by melting of ice 
wit out appreciable sorting by water is termed till. This is a heterogeneous accumulation 
of u stratified fresh impure clay and angular rock fragments ranging greatly in size and 
shap. Much of the rock in the tills of Montgomery County is derived from the underlying 
cons lidated formations, but crystalline and other rocks from the Adirondacks and probably 
fart er north are present. In the parts of the county underlain by black Ordovician shales, 
the ills are very dark and are composed largely of clay. The limestone areas, on the other 
han , yield a sandy till that contains numerous calcareous pebbles. 
I Till occurs at the surface over most of Montgomery County except along the major 
stre
m valleys (fig. 11). Locally, as along the bluffs of the Mohawk River, till occurs beneath 
a di erent thickness of water-laid gravel and sand. The thickness of the till ranges widely 
even within relatively small areas. Comparatively thin deposits of till occur on the uplands 
nort of the Mohawk River on the higher level areas. The thickness ranges from about 50 
to 1 0 feet in the massive tills extending along the north slope of the Mohawk River bluffs 
fro the eastern border of the county about to Fonda, and westward from St. J ohnsville. 
Oth r thick deposits of till were observed along Auries Creek in Glen Township, in south- 
east rn Florida and Southern Canajoharie Townships, and along the lower valley of Scho- 
hari Creek. 
Tills commonly are relatively impermeable, and like clay yield water very slowly. The 
qua tities of water obtained from till depend upon the proportion of coarse material to 
clay, so that wells in the till overlying the black shales are less satisfactory than wells enter- 
ing 
 e more permeable tills in the limestone areas. Large-diameter dug wells are especially 
effec ive in recovering water from till deposits, inasmuch as a relatively large supply of 
wate is stored in the well for immediate use. Then the water is replaced very slowly during 
a su
sequent period when the well is not used. 

 More permeable lenses or local layers of stratified sand and gravel occur within some 
thic tills or immediately between the base of ' the till and the underlying consolidated rock 
for ations. Doubtless many of the wells dug or drilled into till obtain water from such 
layers. Where till is overlain by permeable material, as along the lower valley of Schoharie 
Creek, Auries .creek, and the northern bluff of the Mohawk River Valley, areas having a 
perched water table may be quite extensive. 
Pleistocene series-Glacial lake and stream deposits.-Large streams of meltwater 
that flowed away from the ice masses carried considerable quantities of rock debris that 
were deposited as sorted layers of stratified sand and gravel when the velocity of the water 
decreased. Finer-grained stratified sand and clay were laid down in temporary lakes that 
were formed where glacial ice or till deposits blocked. drainage channels. These lake and 
outwash deposits range from clay and silt to coarse gravel, and permeable beds are relatively 
common. The gravels consist of a variable percentage of well-rounded pebbles and boulders 
that are embedded in sand and silt (table 9). 
'The outwash deposits occur chiefly as scattered shoulders overlying till along both 
banks of the Mohawk River Valley and extending up some of the tributary valleys. Rela- 
tively fine-grained water-laid sediments occur on either side of the Mohawk River at Am- 
sterdam and intermittently in a narrow belt along the bluffs to Tribes Hill. The flat terrace 
at Tribes Hill, however, is underlain by some coarser sand and gravel. Between Auriesville 
and Fultonville is an area of about 5 square miles underlain by silts and clays in which per- 
meable deposits occur locally. The following is a section of glacial deposits along Auries 
Creek, 2 miles southwest of Glen. 
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Table 9.-Mechanical analyses of unconsolidated sand and gravel in Montgomery County. 


Mechanical analysis (percent by weight a ) 


Sample Very Very 
coarse Very 
No. gravel Coarse Medium Fine coarse Coarse Medium Fine fine SUt and 
( Larger gravel gravel gravel sand sand sand sand sand clay 
than (16.0 mm (8.0 to (4.0 to (2.0 to (1.0 to (0.5 to (0.25 to (0.125 to (less than 
16.0 mm) to 8.0 mm) 4.0 mm) 2.0 mm) 1.0 mm) 0.5 mm) 0.25 mm) 0.125 mm) 0.062 mm) 0.062 mm) 
1 13.04 7.14 6.93 1.50 17.21 39.86 12.14 1.53 0.36 0.29 
2 - - -' .02 .11 1.23 22.71 60.40 12.95 2.58 
3 5.38 5.14 4.92 1.24 10.42 31. 79 28.93 9.17 2.33 .68 
4 17.67 8.84 14.07 2.30 13.82 17.68 16.85 6.37 1.75 .65 


Sample 1. 
Sample 2. 


Sample 4. 


Pleistocene terrace gravel from pit at eastern edge of Tribes Hill. 
Recent sand from alluvial terrace overlying till along Schoharie Creek, about 2.5 
miles south of Mill Point. 
Pleistocene terrace gravel from pit about 2 miles east of Canajoharie on the north 
side of the Mohawk River. 
Recent gravel from alluvial terrace along Carroga Creek. 


Sample 3. 


a Size classification is that of Jetfords. R. M.. West Va. Geol. Survey Bull. 10. p. 17. 


Pleistocene water-laid deposits and till 
4. Soil and silty clay .,',.,.,.""'.,,,..,.".,......,.................,......' '.'.,....,.,'....,.'",......,.....',.. 
3. Clay, varved; clay layers 14 inch thi ck, silty layers 1 to 2 inches thick; 
ice-rafted pebbles ,... ....,..,..,........ '.........',.,...... ..............','. ..,."... '....,......... ...., ,...... 
2. Till, reworked and washed ............'...............................,..'.. ... ........................... 
1. Till, blue .,..... ...........,.. ,..... ,......, ...... .... ... .....,..,.. ,..",.""" ......,.""." '."""""...,." .....", 


Thickness 
(feet) 
2.0 
4.7 
.5 
18+ 


Another area of glacial outwash gravel forms the broad terrace called the Sand Plains, 
which extends about 5 miles north from Fonda. Yellow silts are exposed at many points 
at the surface, but well records indicate that important gravel deposits occur below the 
surface. Other isolated shoulders of these gravels occur on the north side of the Mohawk 
River westwards to the county line. Another extensive terrace deposit of coarse gravel is ex- 
posed in the bluffs in the vicinity of Midenville. 
Sands and gravels usually yield large quantities of water to properly constructed wells, 
although perforated casings, well screens, or gravel-well construction are required com- 
monly to develop sand-free water in adequate quantity. Domestic supplies of water are 
obtained readily at Tribes Hill by means of small-diameter driven wells, and a larger supply 
is developed near Fort Plain from a screened drilled well. Many of the terraces along the 
Mohawk Valley (fig. 17) doubtless are underlain by very permeable sands and gravels, but 
there have been relatively few attempts to develop moderately large supplies at such places. 
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The water in these unconsolidated materials generally is moderately hard and it may 
contain objectionable amounts of iron. Locally, more heavily mineralized water in subjacent 
consolidated formations moves upward into the more permeable sand so that objectionable 
amounts of hydrogen sulfide, iron, and other constituents may occur. 
Recent series-Alluvium, '1'nantle rock, and soil.-Deposits of geologically recent times 
include sand and silt along the broad valley flats, and a variable thickness of soils and mantle 
rocks scattered elsewhere over the county. These materials are formed by decomposition 
and disintegration of the underlying rock formations and commonly have not been trans- 
ported far. Fine-grained sediments, however, are left by flood waters along the lowlands 
bordering the major streams and locally at the base of eroded slopes. 
These sediments are comparatively thin in Montgomery County. Locally, however, 
small supplies of water sufficient for domestic and stock use are obtained by means of dug 
wells. These wells should be located where the permeable material is thickest and where the 
greatest area will be drained. Special precautions should be taken to guard against bacterial 
pollution. 
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Table lO.-logs of selected wells in Montgomery County 
Logs of eight wells are listed in this table to indicate the character of the materials 
encountered in wells at scattered locations in Montgomery County. Relatively few detailed rec- 
ords are available for wells in the county, but information on many of the wells not listed 
here includes the depth to bedrock and the general character of the bed rock unit or units 
penetrated (table 11). 
M t 68. A. H. Dillenbeck, Fonda. About 3 miles northwest of Fonda. 
Altitude above mean sea level about 560 feet. Drillers log. ' 
Sand " . . . . . . . .. . . .. .. .. . . .. .. .. . ... .. . , . . .... . . . ... . . .. ...... , . . . . . .. . . . . .. .. . . . . .. . . , . .. . . . . .. ... . .. .. ... . .. .. . 
Gravel ."............"........................,.,....,... ,...., ,.. , ,.......................................... 
Shale, black ( Canaj oharie and Utica shales) . ,..,............'.................... 
Mt 75. Adam Wemple, Fonda. About 1118 miles northwest of Fonda. 
Bored well. Altitude above mean sea level about 380 feet. 
Driller's log. 
Loam ..............................................................,........................................... 
Clay, yellow . . , . . .. .. . . .. ... . . ... .. ... .. . . .. . .. ..... .. , . . ... .. . . . . .. .. . . , . ... . .. . . . ... .. . . .... .... .. ..... 
Sand and gravel ................................................,.,...................,..,.............. 


Thickness Depth 
(feet) (feet) 
94 94 
2 96 
74 170 


Thickness Depth 
(feet) (feet) 
4 4 
'2 6 
17 23 


Mt 81. School District 12, Fonda. Amout ItA>. miles north west of Fonda. Thickness Depth 
Altitude above mean sea level' about 640 feet. (feet) (feet). 
Soil .. . . . .. .. . , . . . . .. . , . . .... . , . . . . .. .. . . , . . . ., . . .. " . . , . .., ..,.................................................. 5 5 
Shale ( Canaj oharie and Utica shales) .. .. ... .. .. .. .. .. .. .. .. .. .. .. .......... .. .. .. . 50 55 
Limestone (Glens Falls limestone) ................,..............................,.......... 75 130 
Mt 197. L. Countryman, Buel. About 6 miles southwest of Canajoharie. Thickness Depth 
Altitude above mean sea level about 725 feet. Driller's log. (feet) (feet) 
Clay "...,.....................,.....,............................................................................ 50 50 
Clay, blue (till) .........,...... ..,..........,....... ..,.. ,.................... ................... ..'...... 35 85 
Slate (Canajoharie and Utica shales) ................................................ 20 105 
Mt 270. Auriesville Shrine, Auriesville. About 3 miles east of Fultonville. Thickness Depth 
Altitude above mean sea level about 320 feet. Driller's log. (feet) (feet) 
Hardpan and boulders ......,.......................,...............................,............... 58 58 
Clay ................,.................,..................... ...,................................................. 22 80 
Clay and fine sand .......................................,........................................... 22 102 
Gravel and hardpan ,............,..........................................,......................... 13 115 
Bedrock (Canajoharie and Utica shales) .......................,.................. 38 153' 
Mt 271. Auriesville Shrine, Auriesville. About 3 miles east of Auriesville. 
'Altitude above mean sea level about 400 feet. Abandoned well. Thickness Depth 
Driller's log., (feet) (feet) 
Sand and gravel ..................................,...................................................:. 31 31 . 
Till and boulders ...
.................................................................................... 41 72: 
Gravel ..,................................................. ..................................................... 21 9S 
Till and boulders ................................... ................................................. 49 142 
Clay hardpan (till) ................................................................................. 41 183 
Shale (Canajoharie and Utica shales) ..........., ..................... ......... ...... 232 415 
Limestone and sandstone (Little Falls dolomite) ................................ 100 515 
Mt 309. William Bobilin, Fort Hunter. On Church Street about 0.25 mile 
southeast of post office. Altitude above mean sea level about 300 '1'hickness Depth 
feet. Driller's log. (feet) (feet) 
Clay and hardpan ................. ..'.. .... . ... .. .. .. .. . . ... . .. . . . ... .. .. . . .. .. . ... .. . . . . .. .. .. . . ....... 90 90 
Sand ............................................................................................................ 12 102 


Mt 329. 


Ernest Shuttleworth, Amsterdam. In village of Minaville. 
Altitude above mean sea level about 560 feet. Driller's log. 
San d . .. . . .. .. . . . . .. . . .. .. .. .. . .. . .. .. .. .. .. .. .. . .. . .. . .. .. ............................ .. . .. . . . . , . .. .... . . .. . .. . 
Clay, blue ( till) .. . . . . . .. .. .. . .. . . . . . . . .. .. . . .. ... .........,.,......................................... 
Sh
le, black (Canajoharie and Utica 
hales) .................................... 


Thickness Depth 
(feet) (feet) 
6 6.' 
119 125 
175 ' 300 


49 



';! ..!. -8 
CI S II:: 
.& ';j 
 i t 
0 


 t
 0 s= 
'ii 
... 
 
 
. 
 
1 "" j f: 
!d !'Ils= b a :i 
0 
- 
I ::5
 'i3 r:; r:; E-4.!!II tc 

 
iii i 0 0 .oS 
 I . -8 
III
 Q 
a 00 10 a
 

 
 S II:: 
Will 
 
 
,.Q 011 
 
 
"gO .S III I .S.!I '
O III 
..... 
 
 
1 ! 1)
 s= 
at' 8 "" 
 
t ;j:j 011 
 i s="" 2 


 = 
 
 -s -
 

 
 i 
 
Z 
 E-4 E-4 eo 
 

 = 
., s E s 
011 
 S e s e s s s g e s s e s ! s s e 8 
::;; 
 't1 "" 't1 
0 &; 
 0 0 
 r: 0 0 
 
 0 
Q 
 Q s= Q Q Q Q Q Q Q Q s= Q Q Q 
1-4 1-4 
III -- 
:g g ""
 
 
011- 011 s= <:> 

'i
'''' C'! 

 s 
'8 s= s= s= s= 
 s= s= 
 s= s= s= g 
...c=....
 011 011 .s 0 0 .s 011 .s 0 0 .S .s .s 
 011 8 011 011 f 8 

o= 10: s= ..... ..... t 8 CI ..... ..... ..... t ..... ..... s= 2: s= 
 
CI CI "" 
 CI CI CI CI CI "" CI "" 

 z Z ::s ::s ::s 
 
 
 
 
 ::s 
 
 ::s ::s Z &: 
 Z rZ &: 
 
'ii"tl !'Il !'Il !'Il !'Il 
 
 00 
 !'Il 00 
> s= 011'" 
OIIW
__ 00 CD I:- 


i
 ::: 
 '" Q C'! <:> 00 
 
 
C'! C'! C'! C'! '" 

]III- 'ii 'ii 'ii "tI 
"tI a 
 
 "tI 

 = tiJ ;
 - 
s= ..... 
 ..... ..... tG ..... ..... tG 0II'i3 "tI 
 
ClO 011 011 OJ-i 
 =011 011 011 =011 011 III III III 011 III III III III .!ll! III s= 011 
l
 011 011 011 ......c= 

 s= = s= .... s= s= 
 .... s= s= s= :;
 =011 :;
 s= 
 :;
 :;
 :;
 s= :;
 ""III =
 [ulll W s= 
-> 011 r:

 =$ 011 =$ 011 011 w..... 011 011 l!aS &:.s III 8 


 CI 
 CI CI CI r:. .... r:. 's r:. .... CI CI r:. 's r:. ... r:. ... r:. 's iw 
$ l
 $ $ III
 $ $ S S 
 $ S S CI 1:: .s 
illS 011 

 0110 0110 0110 OII,S! J!.s 
 OII,S! OQ 41,S! '2 CI 
III '&'1 
<.5 III III :s.5 III III -- 
o III !1:8 '.;:30 !1-8 'is '.;:30 ;15 <II III 
III 
 '&'1 '&'1 '&'1 .&'1 
't1 
-8 .
 .
 
-8 'Iii CI .
 

 6 - ""- 
 
 ""- 
 
 
't1 
 
 
't1 
't1 
 p:; 
E-4 E-4 ...:I ...:I ...:I ...:I ...:I ...:I 
 ...:I W ...:I 0 
-5 
-- 0 
0..... 

.sjJ! 00 <:> ::: 00 : 10 
Q - C'! 

 
-;- 
.. 
0 
OII 
>- I
 
 C'! CD CD CD CD CD CD CD CD CD CD CD CD 00 CD 
C'! I:- CD 

 
cu Q- 
Z 
-- 
i- 

 : I:- '" CD ;!; C'! 
 <:> '" '" <:> <:> .... <:> 
 <:> '" '" '" 
 
 
 


 C'! 
 I:- 
 10 00 
 
 '" .... ::: C'! 00 
 00 : <:> C'! 
C C'! 
 
:s 
0 011 .. 
U 
....= tc 
 ;:: 
 tc !f ;:: !f ;:: ;:: ;:: bO tc ;:: ;:: ;:: ;:: ;:: ! !f 

o; ::s ! 
 ::s ::s ;:: ;:: ;:: 
to Q Q Q Q Q Q Q Q A Q Q Q Q Q Q Q Q Q Q Q 
cu 
E 011 81 ... 
0 '8:'ii-:;::> 
ell <:> <:> <:> <:> <:> <:> 
 <:> <:> <:> <:> <:> <:> <:> <:> <:> <:> ::: <:> <:> <:> Q Q <:> 
.... 3j!J! C'! 
 Q 00 CD <:> CD C'! C'! <:> <:> <:> <:> <:> <:> <:> C'! 00 I:- C'! <:> 00 
C I:- CD CD CD 
 
 I:- '" '" 10 1Q I:- 
 Q) 00 CD 00 '" '" 10 '" 
 
 CD 
0 < - 

 as 
.s 
 S s= 
; "" 

 
 'f 8 ell 
 011 
G> .s ..... III s= s= III as 011 .
 
 s= 't1 ] 
011 
 "" 011 'i CI 011 ::; j 
 

 "" III 'g III 011 0 0 011 011 ...c= s= g 
11:1 .5 .;::: ::S .!ill s= III 
 
 CI 's. >. III 
011 
 as 
 ...c= 
 Z 0 "" Q Z .!ill 
-a s= e = ...c= 6 8 0 :> s CI = d 
 
 CI 't1 CI 
.! 
 C1 Q 0 
 CQ 00 s= 
 :9 011 't1 00 
 
 s= 0 
0 "" 0 0 't1 ...c= 

 "" 'ii S Q 

 ::s d W r.:i 'ii ...c= .!ill 
 "g "0 "" 0 
 W "" .!! 
u cQ is 
 1; .
 E-4 = 00 .t= $ 
 aSw 
 S s= z "S 
cu as "" ...c= 
 
as 
 CI ';!
 
 
G> r:; 
 "" r.:i ci < "" 
 < = > 
 
 = 
 0 
 
 
(II < ...:I I¥I Q r:. Ilt 
 .. 

 os 
0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 r:l 
 
(II <:> 
 
 
 00 
 '" '" CD 00 Q) 
 <:> <:> I:- CD Q) CD C'! C'! <:> '" 10 <:> 
1! .. 
 0 
 
 
 
 
 cO 
 
 cO o:i o:i o:i 
 oD oD oD 
 00 Go! 
s= '1; 
0 0 00 00 
 
u ..... 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 co 
cu W C'! <:> '" 10 00 00 
 Q) <:> I:- '" Q) 00 Q) C'! '" 
 '" C'! Q) :.! Q) 
 
CI Go! 

 .3 
 
 
 
 
 
 
 
 
 oD 
 
 
 
 
 
 
 0 0 0 
 
 o:i I 
I. .... 
::5 ::5 ::5 ::5 t:5 ::5 ::5 t:5 ::5 ::5 ::5 ::5 ::5 t:5 t:5 ::5 ::5 ::5 ::5 ::5 ::5 ::5 ::5 ::5 
- 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 Q) 
 
 
 Q) Q) oS 
- 
cu t Go! 
C'! '" 
 oc I:- 
 .... : 
 ;!; 
 
 
 
 <:> .... C'! '" 
 CD I:- 
 .... Go! 
:c -,.Q .... C'! C'! C'! C'! C'! C'! C'! C'! '" fIJ 
Ct, 
6 
 ..... 
 ..... ..... 
 Si Si ..... Si ..... ..... 
 ..... Si Si Si $ Si ..... i! ..... $i ..... 
I- s= )! ::;J )! ::;J )! :2 :2 ::;! :2 :2 


50 



] -d ] ] 

 

 
 
 
 
0 0 0 :0; 0 
Po Po Po Po 
QI QI QI +3 QI 

 
 
 1=1 
 
]A a a 
 $ a 
:d bO ] 
! 
 QI 
 
 
<Ii '0 t 
q:I m 
 q:I +> q:I 
i 
 "i3 i .S "i3 
,S m m 

 111 
1=1 g 
 
 £ 
QI 
bO bO bO 
 

 0 
 
 

 
 QI 
p, 
 p, p, 

 
 
 
 
 
.. a a 
 00 a 00 
 a a 
 a a 
QI a g 00 a a a 
 a a a 
111 
 :d 
 
 
 
 
 
 (iJ 
 
p 
 0 III 
 
 0 0 
 
 
 

 A p.. 
 p.. 
 
 A 
 
 p.. A A 
m """ 
:g g 

 11:) 11:) 11:) 1Q 1Q 
QI= QI 1=1 <:> cQ <:> IX) et5 et5 0 ID .Q IXi 

 ,; Po' s ID 
 <:> 
... 
'0 1=1 

'a
 QI QI QI QI QI QI QI QI QI QI QI QI QI QI CI 0 QI QI 
CJ CJ 1=1 CJ 1=1 CJ CJ 
 CJ CJ CJ CJ CJ CJ CJ i u U 
QI - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 z z 0 
 0 
 0 0 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
QI'O 
t;

 
-- 
 <:> 1Q 
 t- ID t- 
 <:> ID <:> <:> 
 t- IX) IX) <:> oJ:) ... ..... 
$
"'qJ ID 
 <:> ... ,11:) 
 
 11:) 1Q 
 CQ ... ... 
 ... 
o!;ot-! 
 ... 

]m- '0 '0 '0 '8 'O
 '0 '8 
;Zi ;
 ;Zi ;; 1=1 = 
1=1 +> +> +> 111m 111111 111111 +3 
QI QI QI 
CJO m m Qlii! ,
] .!'i m .!'i -- m .!!Iii! ,:!iii! 111 111 m m 
;g:: .!
 ;g
 QI QI QI m QI 
l
 1=1 =QI ::;
 

 1=1 '50; 1=1 (iJ0; ::;
 :do; ::; $ fL... 1-<.1:1 
.c:: ::;$ =QI ::;$ ::;$ t:: 

S 
S r:S QI 
] QI 
m QI 111111 111111 III+> QI 

:g CJ 
a 
a CJ 
III 
III CJ 
III 
..... 
III 
'S

 :g
 :g
 
'a 
,.... 
'a 
'a CJ 
." 
m m m S .s .s s s S 
CI) 
a 
a m QI"S! QI"S! QI"S! m '2 CJ '2 CJ m .2.
 QlO '2 CJ Qlo+>1=1 111+3 
,.. QlO QlO QI"S! QI"S! 111 

 
 'Qj 
.g 
.g 
,g 'Qj ;g ;g 'Qj ;i5 
'"6 ;g 
:g

 ;p ;i5 
:g 
:g 
,g 
.g 
 
QI'" QI'" QI'" 
'O 
C S- S- S- p:; p:; p:; 
',i: 
 
 
 0 0 0 
 0 
 0 0 ...:I ...:I ...:I ...:I 
C .!I:I 

 CJ""" 
0 PoS g
 
U 
 to 
 IX) 11:) <:> IX) <:> IX) IX) t- ID ... ID 
QI jot-! CQ c-I ... CQ ... 
 
- A -- 
.w 
""" 
.. 
0 

 
>- .

 ID ID ID ID IX) ID ID ID ID ID <:> ID ID ID ID IX) ID IX) 
... .... 

 
CI) A-- 
Z oS""" 
i- Po1 <:> <:> <:> 
 t- IX) oJ:) 
 
 ;:!: CQ t- 
 oJ:) CQ ID <:> <:> CQ 11:) IX) 
CQ 
 
 
 oJ:) ... 
 oJ:) <:> ;:!: ... 
 ... 
 
 ..... IX) 
 ... 
C 

 ... ... 
 CQ ..... ... ... ... ... ID ... 

 
0 
U Go) .. bO bO bO bO 
t" Poot-! ::; 1: 1: i: 
 i: i: i: 
 i: i: 
 i: i: i: i: i: i: i: i: i: i: 
 

o
 A A A A A A A A A A A A A A A A A A A 
CI) 
E 
0 QlI ",. 
en ] QI""" <:> <:> <:> <:> <:> <:> <:> <:> <:> <:> 1Q <:> <:> 11:) <:> <:> <:> <:> <:> <:> <:> <:> 
.... +3jt1 ..... 
 <:> <:> U) <:> ..... U) 
 <:> 
 <:> <:> t- ... U) IX) <:> <:> <:> <:> 
 
C 1Q 1Q 11:) U) CQ .... CQ ID IX) IX) IX) IX) 
 IX) IX) t- t- IX) IX) IX) 1Q CQ 
0 _ -ot-! 
< ..... 

 III 
.5 1=1 ]A QI 1=1 
.S .s 
 1=1 bO i 
.!! 
 CJ :g .! . a 
t 
 
 '1: 
1 Qi 111 
 i bO ; ] ii! 1=1 = 
 
 p.. 
.!I:I :!:! j Z 
 CJ 1=1 
 .... 
 QI 

 ! 1=1 QI ::;: ] s CJ .1:1 p.. Z m 
.c:: 
 t; 1=1 ; 
 
QI 
 ot-! () 111 
 t'I 1=1 bO t'I 
 

 I-< 
 's ot-! 0 
 1=1 
 
 
." CJ 0 d ] ii! 0 111 >- 
CI) "S! ::;: I-< i '0 >- A 0 .
 
.... 0 £ .c:: QI 
 00 
 QI
 
 
U .!I:I 
 bO 
 
 '0 t' 11: 
 
 .s <Ii 
; 00 
 tI:I 1 ...; '2 
 '0 
CI), 0 p, (iJ i: .
 QI 
 
m 
 "S! ::::
 QI Qi 
'"ii ::;i 
 0 :; t; QI < .J 
 .1:1 
 
en 
 ...; p.. 
 ...:I 
 
 >- 
 0 
 p.. 0 A 
 

 OS 
0 riI riI riI riI riI riI riI riI riI riI riI riI riI riI '8 
riI riI riI riI riI riI riI riI 
en CQ CQ 11:) t- IX) t- t- co ... <:> IX) 
 CQ 
 <:> ID t- ... ... ..... ID 1Q 
1:! II 
 
 
 
 et5 
 
 IXi 0) 0) 0) c ,..; c ,..; c c c ,..; ,..; c c cu 
1=1 ... ... ... ... ... ... ... ... ... ... ... 
 
0 .s 00 00 00' 
u 'iI 00 00' 00' 00' 00' 00 00' 00' 00' 00' 00 00 00 00 00 00' 00 00' 00 rn 
CI) U) IX) 
 IX) U) 
 ..... t- t- oJ:) CQ ... 
 CQ U) 
 CQ U) U) 1Q CQ 1Q 

 CJ cQ cQ cO cQ ..; .Q .Q ..; cO cQ ,..; ci ci ... ..; .Q .Q ..; ..; ..; et5 et5 cu 
I. j ] 
::) ::) g ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) ::) 0 
- 
 
 
 
 en 
 
 
 en 
 en 
 
 
 
 
 en 
 
 
 en oS 
- 
CI) "" IX) <:> ..... cu 
ii1 
 co ..... 1Q ID t- en <:> ... co ..... 1Q ID t- IX) 
 ... 
 CQ cu 
:is co CQ CQ co co CQ co CQ ..... ..... ..... ..... ..... ..... ..... ..... ..... oJ:) 1Q 1Q 1q 1Q fI1 

 ii :i sa +> $i $i $i :i :i $1 :i i :i $i $1 $1 $i $1 $1 $1, $ii $ii 

t:: 
 


51 



., 
III 
:3 
'fJ

i 
'(jj....1II1=: 
> i Po,.. 
__ S 


'fJ 
.8....
 
to;:: 
::;: 
'(jj'fJ 
t;

 
-;:-;
1 
$ 0 51.... 

]m-- 


-a 
u 
:::II 
I: 
',c 
I: 
o 
U 
- 


..c:: ,.!oil..... 

ogt 
lll i01 "9, III 

 ,.Q
 



 
... 
o 
>- 

 
U 
z 
i- 
I: 
:::II 
o 
u 
t" 
u 
E 
o 
at 
.... 
I: 
o 

 
.5 
.!! 
1 
-a 
.! 
u 
u 
"ii 
en 

 
o 
en 
1! 
o 
u 
u 
a.= 
I 
- 
- 


1II!.It ,. 
'T'JI-'.-.. 
:S 
 
1 
.::0-.... 
«<:
 -- 


u 
::is 
CJ 
t- 


j 
a 
III 

 


t:: 
CJO 
'SI'; 
,2'> 

] 

 



..... 
$m 


 
i
 
is::' 

i 

:; 


\\I .. 
IJ.....= 
:>,0 111 
E-t 
 


iii 
; 
o 


fI 
I=: 
,S! 
+> 
III 
j 



 
-.8 
;:s 


 


s 

 


III 
CJ 

 

 


m 
=111 
III+> 
f';I;. '.. 
s 


 

'O 
..:4 


<D 


Q 

 



 


Q 

 
IXI 


m 

 
III 

 
riI 
I=: 
..c:: 
o 
1-:1 


riI 
oJ:) 
Q 


I1i 
oJ:) 
.c 


:> 
0:. 


<D 
oJ:) 


$I 


s' 

 

 


III 
CJ 

 

 



$ 
f';I;. ,.. 
S 
III,S 
E,g 

 


Q 

 


<D 


IXI 
<D 


;:: 

 


Q 
IXI 
IXI 


III 
CJ 
:>, 
o 
1-:1 
I'd 
::;j 


riI 
IXI 
Q 


I1i 
CQ 
.Q 


:> 
0:. 


I:- 
11:> 



 


<Ii 
00 

 
,5 
+> 
o 
I=: 


'(jj 
i:'; 


s 

 


III 
I=: 
Z 


m 


 
S 

.s 

,g 
..:I 


Q 
.... 


<D 


oJ:) 
IXI 


;:: 

 


Q 
IXI 
IXI 


III 

 
i 

 


00 


riI 
IXI 
Q 


I1i 

 

 


:> 
0:. 


IXI 
oJ:) 


it 


te 
t:: 
's, 

 
Po 



 
'0 
$ 
CJ 
III 
!I:Ir:-= 
III.., 
1i
 

s 
.!,g 
..c:: 
E-t 


s 

 

 


III 
CJ 

 

 


'(jj 

 

 
te 

$ 
 

's III 
1110 S 
E:8 .
 

 p:; 


<D 


IQ 
.., 


;:: 

 


Q 
IXI 
IXI 


III 
CJ 
:>, 
o 
1-:1 
I=: 
S 
«<: 


riI 
Q 
.... 


I1i 
11:> 

 


:> 
0:. 


Q 
<D 


it 


00 s 
i3: 0 
p.. 
 


I=: 
o III 
+> CJ 

 & 



 
 
.... 


te 

 
 



 
 
CQ 
 


.5 
'5 

 gj 

 
 
III 

 J 

 
 


riI riI 

 
 


I1i I1i 
CQ I:- 
.s3 .Q 


:> :> 
0:. 0:. 


.... 
 
<D <D 


i $I 


-d 
$ 

 
o 
Po 
III 

 
m 

 
te 

 
q:: 
"i3 
m 


I=: 

 
o 

 
'0 
>. 
::x:: 


s S s 

 
 
 


III III III 
CJ CJ CJ 

 
 
 

 
 
 


'(jj 
::- 

 +> ] 
III 
m 


m III III 
:;$ 
 I=: 
f';I;.'a S! 
 


 o 
 
 

'O .; .; 

 p:; p:; 


<D 


Q Q 0:. 
CQ 
 <D 


8 B 
 


Q Q Q 
<D Q .., 
CQ I:- IXI 


0:. 

 
+> 
III 
 
iii 
 
 

 
 is 

 r:i ] 

 ...; di 


riI riI riI 
:i 
 
 


I1i I1i I1i 
oJ:) I:- .., 

 
 ci 


:> :> :> 
0:. 0:. 0:. 


CQ .., oJ:) 
<D <D <D 


i i, i 



 



 
 


]
 
$
 

 


<D 
.... 


<D 


-8
 


 
en
 
III 
I=: Po 


 
EE-t 
'fJ 
>. 
::X::-d 
III <Ii 
.
 rg 
1i8. 

 f .5 

 :: g 
'
!
 '(jj 

 i:'; 


s 

 

 


+> 
III 
1-:1 


'fJ 
I=: 
111m 
III 
.
r
 

..c:: 
111m 
1.
 

+Z 
III::> 
o 


<D 
0:. 


IXI 


Q 

 


;:: 
::I 


Q 
<D 
oJ:) 


..c:: 
CJ 
III 

 

 
is 

 
< 


riI 
CQ 
cQ 


I1i 
I:- 
ci 


:> 
0:. 


IXI 
<D 


i 


s 

 


III 
I=: 
o 
Z 


I:- 
.., 


'fJ 
I=: 

m 
III 
.

 
]0; 
0 111 
..... CJ 
III'" 
;i5 
o 


Q 

 


<D 


IQ 
IXI 

 


;:: 

 


Q 
<D 
.., 


III 
Po 

 


'5 
riI 


riI 

 

 


I1i 
IXI 
ci 


:> 
0:. 



 


$I 


52 


-d 

 
'8 

 
,Q 
III 


'(jj 
i3: 


'S 
.... 


ass a a 

 
 
 
 
 


Q 


CQ 


III 
a 
z 


III S .
 
CJ +> +> 

 CJ CJ 

 
 
 



 <D .... Q .., 
.... .... 
 
 


'0 
I=: 
111m 
III 
.!'i 
:do; 

III 
'2 CJ 
I=::;:g 
III::> 
o 


aJ 
 1 Q) 

 f f 
 
tG te te te 


'S 
IIIgj +> 
\\I III III III .2!'ii! III 

 f 
 I=: :ii-5 
 
CJ CJ S 
 
III CJ 

 
 en m '
:3 
 
'Qj 'Qj 'Qj 'Qj Iii ::> Qj 
p:; p:; p:; p:; 0 p:; 


11:> 

 


IXI 


.... 

 


;:.'t 
.... Q <D 
.... 


oJ:) 
CQ 
.... 



 
 
 
 
 
.... 


;:: 

 




;::
;:: 

 
 
 
 
 


Q 
oJ:) 
.., 


Q Q Q Q Q 
.... Q Q IXI Q 
..,. CQ .., CQ <D 


s 

 

 

 

 
; 
00 


III 

 III 
 j 
j 
 
 
 
 

 j 
 E; ::;j 

 
 J 
 d 


riI 
Q 

 


riI riI riI riI riI 
CQ 0:. Q 
 <D 
..; ... .Q .Q .Q 


I1i 
CQ 
cQ 


I1i I1i 00 I1i I1i 
.... IXI CQ .... IXI 
cQ cQ cQ cQ .... 


:> 
0:. 


:> :> :> :> :> 
Q) 0:. 0:. 0:. 0:. 


Q 
I:- 


.... CQ .., oJ:) <D 
I:- I:- .,.. .,.. I:- 


i 



 :i i i i 


A 

 
o 

 
oJ:) 
III 

 
.e 
III 

 
III 

 
\\I 
E-t 


I=: 
oS \\I 
+> CJ 
CJ 
 

 
 



 
 


11:> 
IXI r:-= 


I=: 
,S! 
+> 
+> CJ 

 
 


<D IXI 


.... 
 

 .., 


1: -;:: 

 
 


g g 
.., CQ 


] 

 III 

 2 
t: .g, 

 
 


riI riI 
oJ:) .... 
cC r:-= 


I1i 00 
IXI 
 
cQ cQ 


:> :> 
0:. 0:. 


.,.. IXI 
I:- l:- 
f:i it 


j 
o 

 

 


! 


III 
;g 
i 


I=: 

 

 
:>, 
::x:: 


'S 
ilia 


gj 
'ii! 
 I=: 
f';I;.$
 


III 
III.;:J3 
S - 



 
.... 



 
8. 
f 


a 



 
q:: 
i 
I=: 

 

 
>. 
::x:: 


a 

 


Q 

 


+> 
III 
1-:1 



 


'S 

]gj 
'ii!
1=: 

$
 
ass 
III «<: .. 
S - 


.., 
CQ 


<D 



 


;:: 

 


Q 
Q 
.., 


j 
CJ 

 
I:Q 
td 


riI 

 
r:-= 


00 
Q 
cQ 


:> 
0:. 


0:. 
I:- 


:i 


-8 
q:: A 
1 ] 
t:: 8. 

 f 
i ! 
::x:: III 
...:"2 ;g 
'(jj
 1 

 8. I=: 

f 
 
';a 
 

 
 


a 

 

 


oJ:) 
ci 


\\I 
CJ 

 

 


'fJ 
I=: 
IIIgj 
,
] 
Jm 
0 111 
.2
 
;::> 
o 


CQ 
.., 


<D 


IXI 

 


;:: 

 


oJ:) 
11:> 
<D 


III 
,.!oil 
III 
I=: 
o 
00 
'fJ 
I=: 

 

 

 


riI 
0:. 
.s3 


I1i 

 
ci 


:> 
0:. 


i 


i 


a 

 


oJ:) 

 


III 
CJ 
,
 

 


IXI 



III 
-I=: 

s 

m 
III'" 
s- 


11:> 


IXI 


Q 

 


;:: 

 


Q 
.... 
<D 



 
.... 



 
+> 
CJ 
i 
is 
] 

 


riI 

 
r:-= 


I1i 
.., 

 


:> 
0:. 


.... 
IXI 


ii 


A 
-d 

 
8. 
\\I 

 
m 
III 
te 
III 
'0 
q:: 
1 

 

 
E 
'fJ 
&' 


a 

 

 



 

 


Q 
CQ 


1m 
III 
.!Gi 

..c:: 
111m 

III 
';2 CJ 
a
 
III::> 
o 


.
 
<D 


<D 


.... 
0:. 
.... 


;:: 

 


Q 
Q 
<D 


gj 

 
I:t1 
8 
I=: 
III 
1i! 
6 


iii 
':a 
J! 


riI 
I:- 
r:-= 


os 

 
':it 
111 
S 
8 
j 

 
I'll 


I1i 
I:- 

 


:> 
0:. 



 
IXI 


oj.> 
:1:1 



"a> e 

 r: 
"tI
,..
 
]


 <D 


""'s 
"8 
,I:I....
 

o= 

 


Qj"tl 
:- 1=1 QI"" 
QlIII

 

i
] 

]U1- 


." 
cg 
::::a 
I: 
.'-: 
I: 
o 
U 
- 


,1:1 

 
.... 0.... 
e.s'i
 
A ,Q- 



 
.. 
o 
>- 
. 
cg 
z 
:i- 
I: 
::::a 
o 
U 
>.. 
.. 
cg 
E 
o 
c:n 
.... 
I: 
o 

 


QI 13 ... 
'gU1QjZ 


tQl 

o-e/!! 
<
 -- 


.: 
.!! 
1 
." 
cg 
.... 
u 
cg 
U 
en 
- 
o 
en 
-0 
.. 
o 
u 
cg 

 
I 


- 
- 


cg 
:is 
a 
I- 


] 

 

 


1=1 
CJO 
l
 
g;a 
CI
 
U1 


,..
 

U1 

i 
E::' 


..c::
 
........ 
PoQl 
Qle/!! 
A_ 


QI ... 
Po"" = 
>.OQl 
E-4 
 


t 
1=1 

 
o 


=..8 
Ql9 

I=I 


.II 
-d 
t 
8. 
QI 
s.. 



, 
bO 
QI 
:s 
:!:I 

 
U1 

 
tie 
o 
,.. 
"tI 
>. 

 


.... 
QI 
.." 


t- 

 


"tI 

:B 
Qliii 
'i::i 

III 
'2:3 

P 


<:> 

 


<D 


<D 

 


1: 
A 


<:> 
i 


,.. 

 
CJ 
riI 
1=1 

 
:;: 



 

 
III 

 


riI 
t- 

 


ai 

 


:> 

 


co 
00 



 


1 
o 
Po 
(II 
,.. 


a 


QI 
"tI 
;;:: 
'S 
rn 
1=1' 

 

 
>. 

 


g 
A 


S 8 8 

 A A 


<:> 
.... 


QI 
f 

 


8 8 
,.. ,.. 
o 0 
I'<-c I'<-c 


<:> 

 



 
o 
Po 
QI 
,.. 


a 



 
i 


a 
o 
,.. 
'g. 

 


a 

 
 
 
 


t- 


QI 
CJ 
,.. .... 

 
 


<:> 
.... 


<:> 
co 


Q) Q) 

 
 

 
 


"tI 
r:: 
11116 .... .... 
.21 iii 

i 
illl 
'i:3 
IIIP, 
o 


"tI 
1=1 
IIIgj +3 
QI QI .2! iii QI QI QI 

 
 
i 
 
 
 
s 
 :g
 
 s S 
-i1 -; 
S -s -; .i1 
IS:: IS:: 
 IS:: IS:: IS:: 



 
00 
.... 


00 11:> 
co :<I 


... 
A 


bO bO 

 
 
 


<:> 
00 
<D 


::: 
 
 
t- <D <D 


.!oI 
CJ 
'S 
C1 
"tI 
1=1 
o 
a 

 

 


1=1 1=1 

 .!oI 
 
1=1 QI a 

 It:I U1 
: 
 J 

 
 
 
ca :> 
 


riI 

 
00 


riI riI riI 
..,. 11:> 
 
a: a: a: 


ai 

 


ai ai 00 

 5 :1 


:> 

 


:> :> :> 

 
 
 


..,. 
00 



<Dt- 
00 00 00 



 


:i i i 


<D 


<D <D 


11:> 
::: 



 
 
 
 
.... 



 
 -;:: 1: 
A A A A 


<:> <:> <:> <:> 

 c-I <D c-I 
11:> ..,. co co 


1 _ .g 
-; ..0 

 r;:; 
< < 


riI riI riI riI 

 11:> CQ .,.. 
a: a: a: a: 


00 ai 00 ai 
<:> 11:> .... CQ 
cO cO ..; ..; 


:> :> :> :> 

 
 
 
 


00 
 0 .... 
00 00 
 0> 


i 
 $i i 


'i 
1:: 
8. 
QI 
,.., 
a 

 
0;: 
'S 
GQ 
1=1 

 
o 

 
&: 


=QI 
....1=1 

.s 
gjgj 
f.! .
 
"'- 
E-t 


a 
'" 

 
I'<-c 

 

 
 

 
 
a ::a 
I! 
 


a 
o 
A 


11:> 

 



 
.." 


00 


ao 


a 00 
o 
 
A 
 


1=1 

 
 
CJ '" 

 
 



 


Qj 

 

 



 
 
 
 


1=1 1=1 
QI 0 0 
.... f 
 ] 

 
 
 "'
 


Ie <:> t- 

 .... .... 


a> 'i) 1> 

 
 
 

 
 
 


U1 
=QI 

.... 
I'<-c- 
a 
QI,S 
1108 

 


QI.!! QI QI QI 

 iii
 
 
 
 
CJ I'<-c's CJ CJ 2 

 QI,S 
 
 
 
'Qj Eo8 'Qj 'Qj .
 
IS:: 
 IS:: IS:: IS:: 


...,. 
CQ 


<D 


I
 



 <D 


CQ 
.,.. 



 
 


-;:: 
A 


1: 't: 
A A 


o 
00 
..,. 


<:> <:> 
<D <D 
..,. '<I' 


'" 
QI 
..c:: 
.... 
r:: 
& 


bO 

 == >. 

 

 
< gja 

8 

 E-t 



 


riI 
00 
c 
.... 


riI riI 
t- 00 

 
 


00 
0> 
ci 


00 ai 

 co 
cO c:O 


:> 
0> 


:> :> 

 
 



 
0> 


i 



 
 
 
 


1: 
 
 -;:: 
A A A A 


<:> 11:> <:> 0 
<:> ..,. <D 00 
..,. ..,. 0: <D 


QI 
bO 

 
.:; 


.... U1 
'" 1=1 
.g 
 
'0 
 a 1=1 

 QI 
 III 
a .S 
 
 

 
 
 
 

 
 
 J 



 
 .... , 
 
 .... , 

 d,.... 


;1 
 
 
 
cO cO cO ,..; 


:> :> :> :> 

 
 0> 
 


CQ ..,. 

 0> 


IQ <D .,.. 00 
0> 
 
 0> 


$i $i 


i 
 i i 


53 


<D '<I' <D 
CQ 
 


=<11 
... 1=1 
::Q,g 

.
 
"'- 
E-t 


ID 


a 

 


.... 


IS 
Q) 
 
g CJ 
Z 
 


Ie 




 

 
I'<-c's I'<-c's 


, QI,S 

"tI 1108 

 
 


<D 


<D 


IQ 
<:> 
co 


1: 
A 


<:> 
<D 
IQ 


>. 
.!oI 
rn 
o 
; 
:> 
< 



 

 


ai 
oJ:) 
,..; 


:> 
0> . 



 


i 



 

 
till 
1=1 
.
 

 



 


a a 

 
 


00 0 
...,. 


1=1 1=1 
.9 .9 
.... .... 
CJ CJ 

 
 


00 \C 

 


Qj 

 

 

 

 
CJ I'<-c's 

 QlS 

 
o8 


<D 


<D ID 
0> 


...,. 
o 
.... 


ID CQ 
<:> 
.... 


1: 
A 


bO 

 
 


o 
00 
co 


1=1 
1=1 
& 



 


riI 
ID 
C 


ai 
00 
ci 


!i 

 


o 
::: 


$i 



 
 


8 8 
'" ,.. 

 
 


t- 


Qj 

 
... 
bO 

 

 
(II I'<-c.... 

 QI] 
.; i
 
IS:: 
 



 ID 


::: 
 
.... 


! 
 


o <:> 
<D 0 
CQ CQ 


o 0 
o 0 
CQ co 


c-I 
.... 



 



 
11:1 
1=1 
'i 
gg 
 
"tI z:; ,1:1 
'0 w Po 

 ]a J 


. 

 8 
"tI 
'C 
IX! 



 

 '" 
E 
 
'8 < 

 
 


riI riI 
.... 00 
,..; c 


riI f;rQ riI 
o 
 
 

,....:i ....; 


ai ai 
0> <:> 
ci cO 


!i !i 

 0'> 


.... 
 
::: ::: 
i )1 


<:> 
co 


00 ai ai 

 
 
 


!i!i !i 
0'> 0'> 0'> 


co...,. 11:> 
:::::: ::: 
)1 i i 


a 
$ot 
II 
I'<-c 



 
r:&t 


'8 
IIIgj 
.21'i 


 
1
 
111:;3 
;P 
o 


o 
...,. 


ID 
.,.. 



 


o 
00 
11:> 



 


g 
J 


o 

 


"tI 
r:: 
III
 +3 
(11- 
]i 
 
'i! 
 
c3 P 
 


ID 
CI) 


1: 
A 


C> 
00 
Ie 


1 
z 
,1:1 
Po 
! 
.." 


riI 
co 
,..; 



 
,..; 


!i 
0'> 


ID 
o 
.... 


i 



 


1.! 
'" 

 


<:> 
.... 


o 
co 


! 


o 
C> 
oJ:) 


<II 
:s 
III 

 

 

 


cU 

 
.... 
o 
'g 

 

 
11:1 
j 
8 
.... 

 

 


riI 
t- 
,..; 


ai 
...,. 
ci 


!i 
0'> 


t- 
o 
.... 


. 



ai 1 ] 
] ai .0 I-< 
0 
III 1:: t! 
 
,S 

 III 
III-d 0 0 I-< 
+> Z.!!I Po 
 
III III III 
» '; I-< I-< 
 
III 
..!o:I +> 1i 
 ! tIO 
'" 0 
,S 
 

 
 tIO 
<Ii 0 III 

 

 0 III III '0 
III e III Q '0 '0 q::,..: 

 ::s 11:> q:: q:: 'i3Qi 
::s 'S 'i3 

 .S i 

 III Qi Qi Qi 1lI
 
I-< III III 
::s 
 
 
 
tIO 
+> +>= 1i! 
 = 
Qi 
 '; f
 tIO tIO tIO III 111= 
I-< tIO tIO 
'
 

 III 

 III 
 = 
 
 0 

 0 
 .
 .
 .
 
 "'0 
Qi 
 m
 '0 'O- 
m 0 0 » 
 p,!'<-c 
Z 
 is III 
 
 
 
 == == 
E-t E-t 
.. e s 
III e g a a a a a e a a e e a a e a 
m '0 '0 '8 '0 I-< I-< 
P 0 0 
 0 0 = = = 
 III III 0 
 0 0 0 0 0 0 0 

 
 
 
 
 ..... ..... ..... ..... !'<-c !'<-c 
 
 
 
 
 
 
 
 
III "'" 
'0 r:: 1-<$ 11:> 
]
IIIE 11:> cQ 
 
 11:> Q 11:> t- Q CD 

 .; 
's .... .... .... CQ 
'0 = = = = 
.8....
 III III III III III III III III 0 III III 
 III 0 III III III 0 
1)0:= = CJ = CJ CJ a = CJ 
 = CJ CJ 
 CJ CJ 
 
 
'" I-< ... I-< t I-< 
 15 CJ I-< I-< CJ 
::E! 0 
 z 
 0 z 0 ::s Z & 
 0 & Z 
 
Z !'<-c Z !'<-c 00 I-:> 00 !'<-c !'<-c 
Qi'O 
t = III'" 

CJ"", 
,..........cs
 
 t- .... .... CD Q Q 
 
 Q 00 
 CD 
 
$

.! 11:> CD CQ 
 
 + 

_ ::s___ 


1lI Qi Qi QI 
'0 
 '0 
 
 
= = 
Q;Sm Q;Sw I-< tJ 
= III tIO III tIO 
CJO .
GS m d!
 :::111 :::111 -III m m m m III III ,21'; III 111 m III III m III m III 
l
 1-<,.1:1 :::111 .
 = '.. = ::::= :;$ 
$ :::111 :;$ :;$ = "',.1:1 :::111 :;$ :;$ :;$ &i :;$ :::111 :;
 r:: 
111m Q;S+> &:.s 
.s ==.s 
.s Q;S+> III Q;Sm Q;S+> III+> III 
]:a 
III !'<-c ,.. !'<-c's !'<-c's !'<-c's !'<-c ,.. !'<-c'g CJ 
Q;S !'<-c'g !'<-c'
 !'<-c'g !'<-c ,.. CJ !'<-c ... !'<-c'
 !'<-ce CJ 
." S III mill l
 mgj g .s e s .s e e .s 
CI) C1.g '2'
 3
 
s :9.
 :9,
 1110 1110 111 0 1II,g .2.
 1110 1110 1110 1110 
.s 1110 111 0 
';jo 
:8 -0 .!!1_ m 
o 
:g 
o !:8 '" 
o 
:g III 
::I m 
:5 III'
 ;<;::'0 
't.1 
.g 
.g 'S ;:5 
'O ;<;::'0 'ijj 
.g ;<;::'0 'ijj 
C .
 a- I-<- 1-<- 1-<- 
 
. 
 
-.c 0 ..:I E-t E-t E-t ..:I ..:I ..:I ..:I ..:I 0 ..:I ..:I ..:I ..:I ..:I ..:I ..:I 
c ..!o:I 
,.1:1 CJ"'" 
0 i.s,r
 
u Q 11:> 
 
 Q 
 
 t- e 
- 
 .8
 11:> t- 
 .... 11:> 

 "'''''' 
... 
0 $m 
>- 
i 00 CD CD CD CD 
 CD 00 CD eD 0:. CD CD CD CD CD CD CD CD eD 

 
 CQ 
CI) j=r= 
z ,.1:1__ 

 +>+> Q 

III 0:. 11:> 0:. 11:> 00 Q ;::!; CQ 
 C'I .0 .... 
 
 
 Q 
 0:. Q Q Q 
III
 Q 
 
 CD .... CD 
 Q 00 0:. 
 00 CQ .0 .0 CD .... 
C 
-- 
 
 
 
 .... .... .... .... 
::I 
0 
U III ... tIO tIO tIO 
1J.Cf-t== 
 -;::: -;::: -;::: ;:: -;::: -;::: -;::: -;::: -;::: -;::: -;::: -;::: -;::: -;::: ;:: -;::: -;::: -;::: 

 »0 111 ::s ::s 
 
E-t 
 
 
 
 J,:i J,:i J,:i 
 J,:i 
 J,:i J,:i J,:i J,:i J,:i J,:i 
 J,:i 
 J,:i J,:i 
CI) 
E 
;-
 
0 
en .B III 
t Q Q Q Q Q Q Q Q Q Q Q Q Q Q 
 Q Q Q Q Q Q Q 
.. Q .... Q .... 
 .... .... CQ Q C'I 00 Q Q 00 0 11:> lO IQ IQ O. 0 
c ;e].!!I
 CD 00 t- t- t- t- .... .... .... .... CQ .... CD 
 .... .... CQ CQ CQ CQ CQ .... 
0 < -- 

 ,III 
.5 Qi '; cJ .... 
III ,Q 8 
 = = '" 
..... III 
.!! ,.1:1 tIO 
 ..!o:I I-< 0 III I-< 
Q;S a III = '; 0 ...; m 0 
Q) tIO ... Q;S I-< III 0 r:: .;::: = !'<-c 
I-< III Q;S 0 0 e 
 ] 
 
 III t 1i! 

 ::s 
 C1 
 t'I III '
 III 

 ,Q +> ..!o:I i5 21 ] = 
CJ +>>> I-< 
 0 = 
 "i5. J,:i 
m .
 I-< III '0 p,
 6 I-< ,.1:1 
 
." 
 ..... 
 
 0 
 is 0 Q;S J,:i s 
00 = 
 

 '" 
 == 
 -= CJ r:: 
 
(I) '0 III 
 '0 Q;S '
 III III I-< 
.... 0 'i 
 e m 
g III I-< < ::s III I-< E-t ::s 
 
u 2 ..!o:I 
 ;::s = ..:I C1 r:: 
 J,:i :g 
 E-t cU 
CI) 
 
 CJ 0- 
 
 :a 
0 III III ii 
o 
 < < 
 ii 
 
Q) 
 00 < P-4 
 r:.i ..... 00 
 < I-:> 
 r:.i < 00 111 
en .... 
""'" os 
0 
 r;.1 r;.1 
 
 r;.1 
 r;.1 
 r;.1 r;.1 r;.1 
 ri1 ri1 ri1 ri1 
 ri1 ri1 ri1 ri1 'g 
en 0 .... 1Q 0 00 11:> t- CD CQ 0 
 .... t- eD 0:. 
 .... t- Q 
"2 01 
 cQ cQ 
 
 
 cQ cQ cQ cQ 
 
 .Q 
 
 
 
 .Q .Q .Q .Q ID u 
= 1ii 
0 0 ai ai ai ai ;1 rJi 00 ai 00 rJi ai ;1 00 00 ai ai 00 00 ai 00 ai 00 
u 
 
CI) 
 
 Q ::; ID CQ .... .0 t- o 00 CQ CQ .... .., .... .... lO CD t- m 
GII:: CJ 
 
 ci ,..j ..; ..; ..; ..; .Q .Q ID .Q .Q .Q .Q .Q .Q .Q .Q .Q u 
0 
 
I ..:I 
!i !i !i ii !i 
 ii Ii ii 
 !i ii !i 
. !i !i 
 ii !i ii !i !i J:: 

 
- 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. .s 
- 
CI) I-< .... t- .... 
 CQ .... 11:> CD t- oo 0:. U 
III 00 0:. 3 
 
 
 .0 
 
 
 0 
 
::s 
'S 0 Q = = = ;:: 
 
 
 
 
 
 
 
 
 
 
.... .... .... ..... .... 
0 
::s 
 
 
 
 
 +> .... +> +> +> 
 +> +> +> +> +> 
 
 +> +> +> +> 
I- = 
 
 
 
 ::;: 
 
 ::;: ::;: 
 ::;: 
 
 ::s 


54 



] .;; i 
] 
 ] 
I-< I-< 
0 0 
A 
 
III I-< I-< 
I-< 0 I-< 0 
 
A A 
III III 

 I-< 
 I-< 
III a 
.!oI till 
 till. a 
m bD 
 r:.; 
 
III 
 
"t:I III lIIe 0 III 

 ' 0;:"': "t:I "t:Io;) 0;) e 
 
='i 0;: 0;: .., 0;) 
 
-III 
Qi 1Il
 
 
.B 
 III "i3 11.1 

 I-< 111 
= till = =
 
 
 
 I 
till 111= III 
t 
= till"" till I-< t till 


 0 oA III e 
 
.
 I-< i1
 A A 
"t:I- "t:I e e "t:I 
»
 » »
 III » 
 

 
 = = = III = 
E-t E-t 
" e e 5 e e e e E g 
III e a e a ! e e e Ei Ei a e g .a 
::5 I-< :is :is I-< I-< 
 

 
 III 
 
 0 0 0 III 0 
 
 
 0 III ! j:I 

 
 
 
 Q Q Q 
 Q 
 Q 
 Q 
111 ...... 
"t:I = I-<
 
]

] .., 0 co 
 00 ..... 
>
 a co co oJ:) 
'8 = = = = = 
 
.I:I....
 III III 0 .S III III .S III .S .9 III III III III III III III III 

o= C) 
 
 
 C) C) oj.> 
 
 C) C) C) Co) Co) Co) Co) Co) 
I-< Co) C) I-< t I-< Co) I:: Co) C) Co) I-< "" t 
 I-< I-< "" "" I-< 
::;: 
 
 ::s 
 
 
 
 0 
 
 ::s 
 
 
 
 
 
 
 
00 
 z 00 
 
 
Qi"t:l 
> = III'" 
IIIIII
- 0 <:> 0 e 0 C'I 0;) e e <D <:> 
-;:-;
1 co C'I C'I .... C'I ..... 
 <D oJ:) 
$0 .... 

]II1'-' Qi Qi "t:I "t:I "t:I 
 
 "t:I 

 
 = = a!i = = = = 
:p +$ I-< I-< 111111 111111 1'1.1 11116 :p III:B 
= .... till till III III 
.
.g =111 ..!Sill 

 111 m m m 111 m m III III III III III .
] .
'iS m .
rii! '
J .
'ii III .2! 'ii 

.
 ... = 

 :;
 :;! =111 =111 =111 :;
 =111 = = = "".1:1 =111 1-<.1:1 1-<.1:1 = J'; 
=.s &:i 

 

 =
 
 = 111111 
m 

 
1I1 III III 111m 
III 
 III III III 
]:g 
... 
a 
a 
.... 
.... 
.... 1'«.... Co) Co) Co) C) .g
 .gill 
.... .gill '8
 .gill S 
-0 
] 111m Ei Ei Ei Ei Ei 0 .s .s ,g .s Ei 0 111 
CIJ 111 0 j/.2 111 0 111 0 1110 

 111 0 ..!
 
 '2 Co) .c;;.g 111.2 '2 C) '2'" '2 Co) '2 Co) 
::I O::s 
:g E:8 
:s 
:g 
:g .
 m m 111 m =
 as 
.g as 
S 
S m =S 
m ;;::: 
.g 
'O 

 ..2i 'Qj 's 'Qj ] 'Qj 
C 1-<- 6 
 
 
 III 
 c3 
',e: E-t ..:4 
 
 
 
 
 
 
 Pi Pi 0 0 
 0 0 0 
C .!oI 
0 .1:1 C)- 
.... 0.... 
u 
.si1.! 00 ..... ..... 
 
 <D <D e 00 e 
Q $..... 
 .... ..... 

 
... ""- 
0 
:B 
 
)eo .t
 (j;) (j;) <D <D 00 ..,. 0 <D .... 00 <D <D <D <D <D 00 

 
 

 .... 
CIJ Q'-' 
z 
i- -5- 
At 0 00 00 <:> 0;) ..,. I:-- 
 I:- 00 00 .... 00 <D e e 0 00 oJ:) 
 
111111 00 .., .., <D <D I:-- IQ 
 .... 
 oJ:) CQ 00 e ..,. .., 
 .... 
c Q
 .... co 
 
::I 
0 
U III .. 
 till till till 
1J.ct-t= 
 ;:: ;:: 1: ;:: ;:: 1: ;:: ;:: 1: 1: ;:: 1: 1: ;:: 1: ;:: 1: ;:: 

 »0 111 
 ::s 
 
E-t 
 Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q A 
CIJ 
E .gj!..:.
 
0 
en e e e e e e 0 0 e e 0 0 e 
.... E 
 
1 0 e 0 <D I:- 0 e 0 0 0 
c $Ii $Ii co e .., .., oJ:) e 0 e e ..,. .., C'I C'I 
 C'I ..,. 00 00 ..... e 0 
l:- I:-- I:-- l:- I:- I:- ..,. CQ ..,. <D <D CQ co co co CQ I:-- <D I:-- <D <D 
0 .:':,.8-.... 

 <III '-' 
.5 <D 
 

 » 
 
 = = = S 
.!! = 0 
 ; 
a oS m .1:1 m S 0 = .1:1 
 
; 
 Qi 
 till = I-< 's, = 's, 0 
 = I-< = 
:5 i:! 'i i till 
 .1:1 III 
 e 
 m III 
 ::s i 
I-< 'S IX! = t'I 0 > 
 
 I-< I-< 111 0 
.!oI Pi III ,J:> 
 'ii = 
III m 
 t'I 
 III = 
 j r:1 >t 
Co) G 
 I-< .8 0 I-< 0 0 III g 
." 
 
 is 
 
 I-< III A Q IX! 
 t 
CIJ "t:I > .1:1 "t:I 
III '8 m = t 'ii 00 m III Ei III 'E Q 
.... 0 ] III 0 
 .1:1 :ii 
u till 
 ;:: 0 < = ::;: III r4 III 3 = Co) = 
 
 
I-< 'Qj :5' ...; I-< ;:: i i 00 
 
 
CIJ 
 III » = 0 
 
 
 :a 
"ii ::Ii Co) .1:1 Z .1:1 = 
 
 III < III .1:1 
 .1:1 
 P:! 0 6 
00 0 
 0 < ::s:: r4 0 0 0 0 r:1 := CIS 
In +> 

 .... 
0 0 
ri1 r:1 ri1 ri1 ri1 
 ri1 ri1 ri1 ri1 ri1 ri1 ri1 ri1 ri1 ri1 r:1 ri1 r:1 ri1 ri1 
 ri1 'g 
eft ..... co C'I <D l:- lL:> oJ:) 0:. 0:. e d ..,. 
 
 <D 
 I:- <D .... >C 00 
 0 
." 01 .,; .,; .c. 
 
 r:-= r:-= 
 
 
 c ..... ,...; ,...; cO ..; Q 0 iN cO G) 
... 
0 = 
 
u ,9 ai ai 00 00 
 ai 00 00 
 
 00 00 00 00 00 a2 00 00 rIi ai rIi ai ai 
oj.> 
CIJ III .1:- <D I:-- <D 
 C'I 
 0:. 00 0 10 ..... 0;) 10 e 0:. 0 .... e co ! 
a.= Co) cO cO c;i cO cO c;i c;i c;i .s3 .s3 .s3 C ,...; Q Q Q C .s3 Q c;i 00 cQ cQ 
I. j 0 
Ii Ii :i :i :i Ii Ii Ii Ii Ii Ii 
 
 
 
 
 t;) 
 ::) ::) ::) :::) ::) .5 
- 0 
0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. CI) CI) 0 
- .... 
CIJ "" e ..,. co .... 
 :J .0 <D G) 
'... 
 co oJ:) <D I:-- 00 0'> .... 
 ..... 10 <D I:- 00 G) 
:is 
i CQ co 
 
 
 
 co 
 
 
 ;:: ;:: ;:: ;:: ..... .., ..... .., IL:> IL:> 10 0;) fI1 
.... .... .... .... .... .... .... .... .... .... .... .... 
t! i 
 
 oj.> .... $i i i 
 
 $i 
 $i 
 
 
 
 
 $;i i . i i 

= ::;: ::;: ::;: ::;: ::;: ::;: ::;: 


55 



<Ii 
1 1=1 >d 
] .;::: a:i 
,.Q t 
'" 0 III .... 0 
1=1 '" 
0 
 0 
 

 (II :8 
 (II 
(II '" (II '" 
,.. 1=1 '" 
l! III III 8 III 
 :>, 

 d 
 
 bO ':;3 

 r.: 
(II 
 <II (II 
 
0 ." 

 ." q:: 00 ." q:: 
 
q:: "i3 '<i' q:: "i3 a 
"i3 (II 
 
III III '" III '" 

 1=1 <II 
1=1 1=1 1=1 .... 

 
 
 <II .S 
'" 2 
0 0 (II 0 ; 
'" ,.. 
 '" 
." ." e ." 'g 
» » » .s 

 
 (II 
 

 E-t = 
 
.. e 00 e e g (II e e s Ei e e e 
.(11 e e ! e e e a '" a e a a 
III 
 '" '" '" 1=1 '" '" '" 
 :d 
P 
 0 
 
 0 
 0 III 0 0 
 
 
 
 0 0 0 0 
 
'" 
 
Q 
 P-4 Q 1-1 Q 
 
 
 z 
 
 
 
 
 
 
 
 
III ..-. 
."g",
 oJ:) oJ:) 
Qj=(II
 CQ cO 
 
 
 <:> 



'a c-I 
." 1=1 '" 1=1 1=1 1=1 
.8....
 (II 0 (II (II (II (II (II 0 .S (II (II (II (II .S (II (II (II (II 

o= to) :>3 to) to) .1:1 to) to) :>3 .... to) to) (II to) to) .... to) to) to) to) 
'" to) '" '" .s ,.. '" to) to) ,.. '" 1=1 '" .... .... t '" to) '" '" '" '" 

 
 
 
 
 
 0 0' J3 
 
 0 0 0 <II (II 0 
 
 0 
 0 
00 
 
 00 
 z 
 too:! too:! too:! 
 00 
 
 
Qj'" 
t 1=1\11'<1 
C to)..-. 
.....


 
 
 c-I 
 00 
 c-I 
 <:> 
 c-I <:> 
 <:> 
t
't:.!! .... Ie '<i' .... c-I .... '<i' 

 Qd
-- Qj 

,.Q ." '8 ." ." ." ." ." ." '8 ." ." ." ." 
 
= = = 
g:J 1=1 1=1 

 1=1 1=1 = = 
+> :>3 01] 

 
1lI 
1lI .... :>3 +I :>3 :>3 
1lI 
:fj 
'" III'" 
1lI III
 :>3 :p .... +I 1II:fj 
 
1=1 (II (II (II (II (II <II .... 
oc.> (II (II .21 
 .!'; .
'iS .
'i (II .!'ii (II (II (II (II .
] .
] .
] .
'a .21 ';j .
] .!ri (II (II (II (II .!= (II 
{
 = = "'.1:1 "'.1:1 "'.1:1 ",.1:1 1=1 

 r:r = 
 
 

 "'.1:1 "'.1:1 = J = = [;;
 
 
<II (II 
1lI 
1lI 
1lI 
1lI <II <II (II 
1lI 
1lI III III III III 
1lI 
1lI (II <II (II 
to) to) 

 

 

 
I!I S 

 S to) to) to) 

 :g
 

 .gill :g
 
III 

 to) to) to) 

 
 
""0 :a
 .s .s .s 
 
 .s 
 
 
Q) '2 to) ..... to) '2 to) l
 '2 to) .2

 .2. g '2 to) .2.
 -;.:= '2 to) 

o. III III 
- III III III gS
 
- III III 
::I 'Qj 'Qj I=I
 ;15 =15 Qj I=I
 'Qj 'Qj 'Qj 'Qj 
:5 ;P a:5 =
 
:5 
:5 ;:5 'Qj 'Qj 'ij 'Qj I=I
 'Qj 
C 
 
 01 01 
P 
 
 
 
 
 
 
 
 
 
 
 III 
 
'J: 0 0 0 0 0 0 0 0 0 0 0 0 0 
C ..!oil 
0 0;5 ---to) 
u 
sie c-I t- <:> t- t- 
 <:> '<i' <:> 

 
] oJ:) '<i' 
 '<i' 10 

 --'" 
.. 
0 g:J
 
>- 
a 
 
 
 
 
 00 
 
 
 
 
 
 <j;> 
 
 
;It; =
 '<i' 
Q) 
i5 
Z 

 --0;5 


 <:> <:> 
 <:> oJ:) <:> <:> 
 <j;> 
 <:> '<i' 
 <j;> <:> 3 <:> 10 oJ:) <:> <::> <:> 

A c-I 
 IQ 
 
 c-I CQ 
 
 u: c-I 
 
 
 c-I c-I c-I 
 c-I 
C .... CQ CQ 
 
::I 
0 
U (11<> ! bO ! bO 
 bO bO ! 
 bO 
 
1J.=ct-t 1: 1: 1: 1: 1: 1: 1: r:: 1: r:: 1: 1: r:: 1: 

 

o 
 
 
 
 
 

 Q 
 
 
 Q 
 Q 
 Q Q 
 Q Q 
 Q Q A A 
 A 
Q) 
E 
m
- 
0 
Q <::> <::> <:> <::> <:> <::> <:> <::> <:> <:> <:> <::> <:> <:> <:> <:> <:> <:> <:> <::> 
.... :E
it <::> 
 <:> <:> 
<::> <:> 
 00 
 
 <::> <:> '<i' 
 
 c-I t- oo 00 .0 '<i' u: <:> <:> <:> <::> <:> 
C t- t- 
 
 oJ:) 
 
 oJ:) 
 
 t- 
 5 0> 0> 0> 
 t- t- t- 
 
 '<i' 
0 


- 

 '<i' s:: 
.5 (II 
c:i 
 ." 
s:: .S :a3 
 
z » » c;I '" 
.!! 
 
 :a 
 '" (II 
+> +> III III ,.Q III = '" '" <II f r:: :a 
-;
 '" to) '" e ,.. 
 > bO ..!oil 1=1 <II 
= <II 
 <II ;: to) 
 1=1 
;It; 
 .;:: 
 (II 
 '5 '" » 
 ." ..!oil bO 
 
'" 
 
 '5 Qi '" 0 
 0 
 .S '" 
(II Qj 00 
 
 <II 's 
 
 = ::s 
 to) 0 
 .1:1 
 
""0 s:: III is 
 's = .1:1 > to) 0 <II 
 00 0 
:! 
 
 ; 
 is ::s <II 0 s:: 
Q) 
 s:: e 00 
 ." s:: III 

 Qi 00 e ." to) » 
 III 
.... ,0 '0 » 
 (II '" (II '" 1=1 
 ::s:: (II e <II 's 

 bO 0 
U 
 Z 0 
 '" d 0- ." '" 
 < 
 s:: '" 
 r.: (II -a III :>t 1: 0 .!i 
Q) '" » 0 
 .s '" '" '" III 
.1:1 ;j 21 0 0 
 
 .5 
Qi < 
 to) 
 
 < (II ,.Q 
 .1:1 
 .c 
Cti 00 
 ..; 0 
 d 
 
 0 6 ..; 6 < 
 00 
 0 CIS 
.'" 
 
-, .... 
0 0 
r:iI r:iI r:iI r:iI r:iI r:iI 
 r:iI r:iI 
 r:iI r:iI r:iI r:iI r:iI r:iI r:iI r:iI 
 r:iI r:iI r:iI r:iI r:iI r:iI 't'J 
'" ..... 
 
 '<i' 00 
 '<i' <:> <:> 00 00 '<i' 
 CQ 00 CQ <:> CQ CQ IQ '<i' 00 s:: 
""0. . '" cO cO ..;. ..;. c-i ,...; c-i c-i c.i ,...; .0 .0 c-i c-i cQ cQ cQ ..;. ..;. cQ od ..;. 41 
J1 s:: 
 
.g ai ai 
 rJl 
 ai ai ai ai ai ai ai ai ai ai ai ai ai ai ai ai ai ai ai ai CIS 

 oJ:) 
 
 <:> oJ:) '<i' 00 00 0> 00 t- '<i' c-I <:> 0> 
 <::> .... <:> CQ t- 
 
 fA! 
to) 
 c-i cO cQ ..;. ..;. ..;. ..;. ..;. od od .s3 cO 0> 0> cO cO cO cO 
 
 .s3 od od ..;. 2 
'r l .3 0 
s::: 
;..:
 < .
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ] 
.
 0> 
 0> 0> 0> 0>- 0> 0> 
 0> 0> 0> 0> 0> 
 0> 0> 0> 
 
 0> 0> 0> 0> 
;000..;, 1$ 
OJ. i- t- 00 
 <:> .... c-I CQ '<i' 
 t- oo 
 <:> .... c-I CQ '<i' oJ:) 
 t- oo 0> <:> .... c-I 
(II 
::0' -,.Q oJ:) 
 
 
 
 
 
 
 
 
 
 t- 
 
 
 
 
 
 
 
 
 
 
 
 :(1.) 


 
 .....; .... I 
0 
! :g 
 I
 :g :g i +> +> +> .... .... 
 .... :g 
 :g .... :g +> S:1 .... :g :g i 
..... " s:: ,
 ::;: ::;: ::s ::s ::;: ::;: ::;: ::;: ::;: 


5:6 




 
 
1 
 ] 
 
Q, 0 
Q, 8- 
<II 0 
Q, Qi I-< Q, 
<II 
 <II <II 
I-< 
 ,.. I-< 
]A 
 <Ii 
 a 

 
.c: = 
J 
 
 z] .;:: 
0 0 III ,Q 
 <II <II 
I:-- 00 '0 ...:] 
 
= 'CI :s 
..,. .... q:: 1 :t: 
<II <II 'a Qi Qilll :8 1lI
 
 
I-< B III 
.s 
.B 
 = 
III III = +> 0 r::tiD r:: a 
10< I-< tJ tiD tiD<II CJ <IIr:: 
 
<II <II r:: =1» I-< 
.
 

 Q, 0 .
 ]'8 e 
e ,.. 
 1-<0 
 
 
<II <II 
 ,,2 
 
;;::; 
 
 
E-t E-t 
 
 
 
 ItI 
.- e a a a Ei f. 
<II a 
 ,8 e e a a e a e e 
 
 a ! j 
P '0 
 '0 
 
 I-< I-< 1 
0 I:: 0 = III 
 
 0 0 0 0 0 8 
 
 

 
 1-1 
 
 
 1-1 
 
 
 
 
 
 
 
 1-1 
III -- 
'CI81-<.s 
 
Qi-<II
 00 CQ CQ ID ..,. 

ca Q,.... 

 a 
-g 
 .
 r:: = r:: 
<II 0 <II .e <II <II <II <II <II III :3 <II <II <II <II $ CD 

'g:= +> CJ +> CJ +> CJ CJ CJ CJ CJ CJ = CJ CJ r: CJ 
CJ 
 CJ I-< CJ I-< I-< I-< I-< I-< I-< CJ I-< I-< I-< 
 
 
 

 
 
 0 
 
 
 
 0 
 0 
 0 
 
 rf rf 
rIJ 
 
 
 rIJ Z 
 
 
Qi'O 
tj

 
- III"Q': 0 I:-- ... 
 0;) 0 
 0;) 00 I:-- 0:. 0 0 
$
i
 
 
 ... I:-- ..,. 0:. CQ 00 

]IlI- Qi i Qi '0 '0 Qi 

 
 '0 '0 '0 '0 '0 '0 '0 '0 '0 
 
III = = 
1lI r:: = = = = = 5 = = = 

 
 
 
gj lII'm 
m 
gj III III 
1lI 
gj 
111 111m \ISm 
 

 +> <II +> +> +> <II III III +> +> +> +> 
.s.9 <II ..!I <II CD III <II .!"a <II .
] .
] .
] <II .!"; <II <II .
] .
ai .
] .
] CD <II <II .
j .2!
 <II <II 

.
 S3 ai= = =<11 = 
i 
 = 
i = 
 I-<.c:: r:: r:: = 
 = 
 
III+> 
1tJ 111m 
oo 
1lI 
oo 11100 III III 1II!12 


 <II 
.... <II -g
 -gill -gill -g
 <II -g
 III -aIlS -a
 .g
 1t! <II <II <II .gaS .c:: J 
-0 J
 CJ S e 
 CJ CJ 
 CJ S S CJ '2'! S 
.s 
a <11,,2 '2 CJ 
 '2 CJ '2 CJ -2.5: .s '2 CJ .s '2 CJ .2.
 '2 CJ ,
 '2 CJ 
CIJ !12 !III ;S =
 =+> III r::S 00 =+> ;
 
.... !12 .!! 
$ !12 III 

 'Qj Qi Eo 'Qj 'Qj ;:5 'Qj 'Qj 'Qj ;:5 ;:5 'Qj 'Qj 3$ 'Qj 'Qj 
<II.... ....'0 IIS::J IIS::J JI 
I: ;s::; -- p:; p:; ;s::; 
 ;s::; 
 ;s::; ;s::; ;s::; ;s::; ;s::; s:; 
',c t:1 ..:I 0 0 0 0 0 0 0 0 IJ.4 
,!d 
I: oB 8-- 
0 Q,$i 
 
u <II 
 0 I:-- 0;) ;: 
 CQ I:-- 0:. oJ:) ID 
..,. CQ oJ:) ;: ... 0:. .... "" 
- 
 ,c- ... 
..w: 1-<-- 
.. 
0 <II!12 
"Q':<II 
>- I
 ID 00 ID ID oJ:) ID 00, oJ:) ID ID ID ID ID 00 ID ID ID ID 00 

 
U 
- 
Z oB- 
i- Q,$ oJ:) to I:-- to Ie 0 0 
 ID ... ;: "" 
 0:. 0;) 0 CQ 0:. Ie 0:. 0 0 .... ID 0 
A
 ..,. I:-- CQ 0:. 
 ID "" CQ 00 CQ 
 ... 0 I:-- CQ 00 e-! 0:. "" 0 oJ:) ::: <D 
c:: 
 ... CQ ... CQ ... oJ:) ... 

 
0 
U <II .. 
 bD tIO tIO 
 
t" 
'g1 1: 1: 1: 1: 1: 1: 1: 1: 1: 
 1: 
 
 1: 1: 1: 1: 1: 1: 1: 1: 1: 1: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
u 
E 
0 III! .c 
at '8 'i!
 0 0 
 0 0 0 0 0 0 <::> <::> <::> lQ oJ:) oJ:) 0 oJ:) 0 0 0 0 oJ:) 0 0 0 
.... 

&i$ 0 00 0 0 0 00 00 00 00 00 e-! co CQ 
 ID e-! e-! "" Ie Ie I:-- e-! 0 0 
I: ':=..8-"" CO co CQ ..,. "" I:-- I:-- I:-- I:-- I:- 00 l:- I:-- l:- I:- 00 l:- I:- I:- ID ID ID Ie 0;) CQ 
0 <III - 

 
.5 '8 » i , 
,.. 
<II ] \1/ 
.!! .c:: I-< ,!d r:: r:: 00 5 ,!d Q, 
U t8 ci !12 
 III 0 
 CJ 8 
J :E ,!d I-< III !IJ !12 III r:: 0 CJ .;:: r:: 

 = Q, <II 'Qj i 0 = '0 
 :!Oi .c:: 0 ! III <II 
,.. 1-1 Qi III <II 1: J 
j 
 ; 
 CJ iE :E <II r:: 
 +> 'i .c:: .c:: 
<II 
 's .;:: 
 oS !12 
= 
 iE 
 <II 0 CJ 
 I-< iJ 
 = 
-0 t 
 
 .;:: j:; III I-< 
.! 
 
 s a '0 
 
 rIJ .c:: rIJ 
 
 <II 
1:: III IJ.4 00 E.
 
0 » ::a 1:: ,!d <II I-< JI 
 .g,Q 
 
u 
 a 
 .
 
 1: 
 Z 8 
 J ::;i 0 :> I-< 4i 
'8 < 
 = .c:: 
 10< 

 
u 'ii lIS .a CJ 
 ;0 1: t .;; 
 :a 
"'i J 
 00 
 
 <II I-< 
 d 0 .c:: J :> 00 
 0 
 III 
0 ..:I 
 
 0 0 0 
 0 IJ.4 
 
 

 'S 
0 I':l I':l I':l I':l I':l I':l I':l I':l I':l I':l I':l I':l I':l I':l 
 I':l I':l I':l I':l 
 I':l I':l I':l I':l 
 'g 
0 0 0 co l:- e-! I:- 0 I:- 0:. e-! 0:. "" e-! CQ 0;) l:- e-! "" e-! CQ "" I:-- e-! "" 00 
"E fI 
 
 
 
 
 
 
 tC tC tC 
 cQ cQ cQ 
 
 tC 
 
 
 
 
 00 00 00 eLl 
= .... 
0 0 00 00- 00- 00- 00- 00- 00- 00- 00- 00- CIS 

 +> 00- 00- 00- 00- 00- 00- 00- 00- 00- 00- 00- 00- 00- 00- 00 11.1 
III ID 0:. 10 "" 0 0:. "" I:-- 00 e-! I:- CQ 00 00 "" 0 oJ:) e-! <D "" co 0;) ..,. "" to 
&:It:: j cQ cQ 
 od 
 
 
 
 
 00 00 g g g g Q g 0) 00 00 00 
 
 
 
 cu 
I. ... -0 

 ::) ::) 
 
 ::) 
 ::) ::) ::) 
 ::) 
 ::) 
 ::5 ::5 ::5 ::) ::) ::5 ::5 ::5 ::5 ::) s:: 
- 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 0:. 
 0:. 0:. 0:. 0:. j 
- 
U I-< CO "" 0;) ID I:- 00 0:. 0 ... 
 CQ "" Ie ID I:- 00 0:. ... 
 co .... Ie ID 
, 00 
 
:i5 
1 
 
 00 
 00 
 
 
 
 
 
 
 0:. 
 0:. 
 
 0 0 0 0 0 0 0 
... . ... ... ... e-! e-! Co1 e-! e-! 
 e-! e-! 
a 
g +> 
 
 i ti .... .... +> i +> +> +> +> +> i 
 +> +> +> +> +> i +> +> i 
I- 
 ::;1 
 "
 ::;: ::;: ::;: ::;1 ::;: ::;1 ::;1 ::;: 
 
 ::;1 ):I 


57 



I :'; I 
i III i ai 
I=: 
 ai I=: 

 .... <II t 
r-. tiC 
2 e 0 0 0 
Q 
 Q 
'0 '0 <II III 
» I» r-. » r-. 
III 
 
 III .c: ! 
..14 
r-. 
od 
ai 
 nod 

 
<II 
8 o <II o t III 
t 
 
<II O)"S 0)0 '1:1 '<1'0 

 '<I'Q '<I'
 e;: Q e;: 
<11<11 <IIr-. '3 ff: '3 
S
 III III 
r;
 I=: Bill I=: 

III 
tiC 
 

 III 
ttiC r-. tiC tiC 
r-. <II 
<11<11 2 0 
Q<II Q<II r-. 
8'1:1 Q'1:I '0 

 
 
<lie;: .. SO;:: I» € 
E-t <II 
 E-t 
 
00 
" 8 8 8 8 8 a a a a a a 8 
III a S 
 8 a S a 

 '0 '0 '0 '1:1 r-. r-. 
 r-. 
 r-. 
 :;s r-. r-. r-. 
I=: ..s = 
 
 0 0 Q;S 
 
 
 0 &: 
 Q;S 
 0 
.... oS .... 
 
 
 Q Q 
 
 Q 
 
 r:. Q 
III --- 
'0 I=: r-.
 oJ:) 
]

.e 0 0 0 10 
 CD 00 e<I .,.; 0 1C 
0 '<I' 0 CQ e<I 
>
 a e<I e<I 
'1:1 I=: I=: I=: I=: = 
.a....
 <II <II <II <II <II .S 0 .S <II <II .9 .S 

o:.:: tJ tJ tJ tJ tJ .... .... .... tJ tJ .... .... 
r-. r-. r-. r-. r-. tJ 
 tJ r-. r-. tJ t tJ t .... t 
:=;: 0 0 & & 
 ::s 
 
 & ::s J.! <II 

 
 00 00 I-a I-a I-a I-a 
QI'O 
I> I=: <II'" 
<II
tJ___ 
-.....

 0 0 0 CQ 0) 0 oJ:) 0 oJ:) 0) CD 00 0 00 0 
 IN 00 
r-. 
't: $ e<I e<I 
 ..... 0) ... e<I ... ... e<I e<I 

.s

 ... ... 

j QI QI '0 '0 '1:1 '1:1 '1:1 
:>- '1:1 :>- '1:1 '1:1 '1:1 

 = Q;S = 
gj I=: fa I=: am I=: I=: = 
r-. Q;S1lI r-. 
1lI 
 CIS III 
1lI 11116 11116 :;3 
= tiC III bD <II .... .... .... .... <II .!!J]:B <II 
tJO III <II III III .
'; III .
] <II <II III .
] <II »1=: <II .
] III .
] :2!] .!
 1»1=: .2!'a <II 
.
:
 :;$ :;$ :;
 r-..c: '1:10 =
 r-..c: '1:10 j.; 
I=: 
1lI = 
'" I=: 
 I=: III III = $
 
 
1lI ';r-.
 
1lI :;Sill III III III.... I=: 

,... <II 
.e 
.... 
III III 
III <II <II 
III <II 

 
.... 

 
GI i
 13
 <II 
g:a 8 tJ 8 tJ tJ tJ tJ tJ 

 tJ 8 
$m :2'
 tJ 
"1::J <11 0 E QlO <11 0 .2. g E .2:p 
 E E '2 tJ E I=:
 E '2 tJ QlO 
aa '2 tJ .
tJ '2 tJ ffi
 
 
(I) o
 
:g III +3'0 
:g III III III 1=:15 III III =
 
:g I=:
 S 
g 
::I 'Qj 
:5 'Qj a::J 'Iii 'Qj 'Iii 'Iii <110 'Iii '5,s ;:5 'Iii 
III ;;:'1:1 '5.... Q;S::J <11<.... 
::J 
c p:; p:; p:; p:; p:; 
 p:; p:; 6 - III p:; 
'';: to.::! to.::! to.::! 0 0 0 00 0 to.::! 0 0 0 00 0 
..14 
C .c: 8--- 
0 
Er-.$ oJ:) t- o 00 10 
U 0) 
 
 
<II 11.... 00 to '<I' oJ:) 00 
Q ,Q-- e<I 

 "'--- 
... 
0 
'" 
 
>- <11<11 
I
 
 00 00 00 CD CD CD 0 CD CD ID CD ID CD 

 e<I 
(I) Q-- 
Z .c:-. 
>. ........ 1C 
 0 oJ:) e<I 
Q<II to 0 0) 
 CD 00 0) ::: 
 00 t- to 0 00 0 to to to 
.... 

 e<I 00 oJ:) CQ 00 00 
 CD ::: IN 0) 0 CQ ... e<I 
 00 e<I ... 
C CD e<I e<I CQ e<I e<I ... ... IN ... ... 
::I 
0 
U <II " tiC tiC tiC 

Cf-t= ;:: ;:: ;:: ;:: ;:: ;:: ;:: ::s ;:: ;:: ;:: ;:: ;:: 
 ;:: ;:: ;::: ;::: ;:: ;::: ;:: ;:: 
 
>.. »0<11 
... E-t 
 Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q 
(I) 
E 
!-
 
0 

 E
t$ 0 0 0 0 0 0 0 
 
 0 0 0 0 to 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 e<I 0 0 CD ..... '<I' 
 0 0 C'I 0 0) '<I' CD '<I' CD 
C CQ CQ CQ CQ t- t- t- t- t- t- O) 00 CQ 
 to 00 0) 0) 0) 0) t- o 
0 
.&-
 .... .... 

 
 
.c: 
.!: tiC tiC tiC tiC tiC 
::s 
I=: = I=: = 0 I=: 't: 
.J!! :r.; :r.; :r.; :r.; 
 
 .g 
 
tJ tJ tJ tJ 
 0 
 
 
"ii 
 
 
 III .... 
 III = 0 I=: '" r-. .... III 

 
 
 
 ;:.. <II tJ :g 0 = 
 f <II <II r-. I=: 0 r-. tiC 

 '" 0 ..14 
 I=: :=;: III S to.::! '" > 
 
 I:: III I=: 
<II .... .... 
 
 r-. = <II 
 Q 
 » 

 
 tJ 0 III ::s III tJ 0 r-. III i 
"1::J I=: ::s 
 
 r-. 
 '1:1 
 tiC .c: 
 
 is 
 Q :=;: 
(I) 
 z z z 
 0 Q I=: '1:1 0 
 '" 
 
.... 0 
 
 ..d 
 » 
 <II 
 I-a ..14 <II 
 gj » <II t 

 tiC tJ ;;J tiC 
 
u 
8 tJo tJo tJo d 
 r-. I=: 
 I=: I=: '" r-. <II 
 
(I) = r-. r-. 
 
 '0 '" 
 
$0 $0 
o g ..s:: 
 <II 
 
"ii 
 
 = 
 
 0 r-. Q r-. 
 
en 
 
 
 
 
 < 
 
 0 I-a J 
 00 Q I-a 
 
 
 .... 
""'" 1:1 
0 
r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 r.o1 riI 
 r.o1 r.o1 r.o1 r.o1 I'iI r.o1 'g 
en 00 0) 0 ... CQ 0 00 t- CQ 0) 5 CD 0) CD e<I e<I t- ... 0 
 to 0) 
"1::J .. cO cO 0) 0) 0) c cO .,.; .,.; .D cO 0) 0) 
 
 cQ 
 cQ 
 cO eLl 
... = ... ... ... 1U 
0 ,S 00- 00- 00- 00- 
 00- 00- 00- 00- 00- 00- 
u 
 00- 00- 2 00- 00- 
 00- 00- 00- rJi ai 00 fIJ 
(I) to to to '<I' e<I CQ 
 
 
 0 0 
 00 '<I' to 0) t- O) 0) t- 
GII:: tJ tD .D .D .D 0) 0) ;: 
 
 
 .,.; 0) 0) 0) ;: c c 
 eLl 
I j ... ... ... ... ... ... '0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 > > > > > 
 > E 
- 0 
0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0 
- .... 
(I) r-. 0) ... ... IN CQ '<I' Of.) CD 00 0) 0 ... CQ eLl 
<II 
 
 
 
 ::: 
 
 
 0 t- eLl 
:E 
"S 0 ... e<I e<I e<I e<I e<I IN e<I e<I e<I e<I CQ CQ CQ rJ2 
<:<I C'I IN IN C<l IN IN IN IN e<I IN e<I IN e<I IN e<I IN e<I e<I IN e<I IN IN 
0 
::s :g .... .... .... :g :g 
 :g :g .... i i .... :g 
 .... .... .... 
 .... .... 
 
 
.... I=: :=;: ::;: ::;: ::;: ::;: ::;: 
 ::;: ::;: ::;: 


58 


.
 

'*' 



! -a 
 1 
111 
] -; 
 .g 'ti 
<II 
'" t t 
'" B bO 0 
0 e 0 0 Ii' 
A- 
 
 A- 
<II r:: 
 <II <II '" 
I-< I-< I-< 
111 :! '0 :1:1
 00 l3 a 
..!oil 
 .1i 
 
'" bO bO 
! 
 <II 
t 
 
 
 <Ii 
'0 0;)0 cr:: 111 
cr:: 'ti ;;:; tO
 cr:: cr:: 
 
'S <II :3 ff 'S 'S 1 .S 
00 tf. 00 00 00 

 
] Bl3 r:: 
r:: = 
 ... 

 ... fbO <II * 0 
0 bOI-< bO = 
0 = 00 

 e 0 '" 

 I-<
 
 
 
Qj '0<11 me;:; '0 Qj 
» »1-< I» 
 I» 

 :1:1 
 :I: 
 :I: :I: 
 
 
. a a a a a a a 
<II a a a a a a a a a a a a a a a I-< a 
00 I-< I-< I-< I-< I-< '" III 
P" 1\1 
 
 
 III 0 0 0 0 
 0 0 0 0 0 0 0 III 
 
 0 
 
 

 
 
 Q Q Q 
 Q Q Q Q Q Q Q 
 
 Q 
'0 a ",$ to 00 
Qj0<ll
 
 Q Q 
 
 
>: 1 
.= '<i' 
 
'"'" a 
'8 = = = = 
s:....
 <II <II 0 :3 .S <II <II <II .S <II <II <II <II <II <II <II <II <II 

o= CJ CJ :p .... = CJ CJ .... CJ CJ CJ CJ CJ CJ CJ CJ = 
.... I-< I-< CJ CJ CJ I-< I-< CJ I-< I-< I-< '" I-< I-< 
 
 .... I-< I-< 
::;: <II 0 
 r£ 
 r£ 0 
 0 r£ 0 0 
 & 
 
 <II 
 
 0 
'"' 
 00 z 
 
 
 I-a I-a I-a Z 
Qj'O 
I> = <II"" 
.!!!.!
z 00 co 
 Q 
 Q 
 
 Q '<i' Q CD Q Q '<i' Q 0;) 
 
 
I-< 
.... <II '<i' .... 
 
 ON .... CQ 
 
 
 .... co '<i' 
.s o
.:!: 

]OO,"", Qj Qj Qj '0 '0 '0 '0 '0 
'0 
 
 '0 
 '0 
;gj S = ;11 = = = 
II = 
:6 :p 
 
II 
 ,",00 
oo Q;jm 11100 
= .... .... bO <II <II <II 
.
.g >.= <II <II 
8 »= >.= .
] <II »= 1»= <II <II <II 
 .
] 111 <II .!Ci! .!
 .!
 .!
 .
Q! .
] 

.
 '00 = = '00 '00 = l
 '0 0 = 
 ::;.s I-<..c:: I-<..c:: I-<..c:: I-<..c:: I-<..c:: 
11:P 11:P 11:P 
:g 
111 
.... = 
oo = 11100 
oo 
1I1 11100 
1I1 
1Il 
<II <II <II 't)
 <II <II <II <II 
0] 

 CJ CJ CJI\I CJ
 -alii CJ &11'4 CJ CJ CJ CJ .gl\l 
... CJ :g
 -a
 -a
 -alii :g
 .gill 
." S S 

 
s 
E 0 =a 
s s .s .s 
 a s 
'2'::! .... .2.
 <11 0 ..... CJ .2. g 'i:3 '2:3 
u 

 
I-< 00 00 00 ]
 00 00 111 E:8 00 
... 
- 
- 

 III -5,s 'Qj 'Qj i,s 
,s 
,s ;i5 'Qj 
,s 'Qj 'Qj 'Qj 'Qj ;i5 'Qj ;i5 ;i5 ;i5 
P ;i5 ;P 
I: 
 
 
 CJ.... 
 
 ;s::; ;s::; ;s::; 
',c 00 00 00 00 0 00 00 0 to.::! 0 0 0 0 0 0 
I: s: 
.- 
0 
 f
 
U AS"g.... .... 
 00 to 0 E 
 Q 0> CD ;::!: 
.... I:- CD CD CQ 
A'"'" 

 1-<.- 
... 
0 <11111 
"'<11 
>- 
1 CD CD CD CD CD CD CD CD 00 CD CD CD CD CD CD CD 
. is::: 
u 
Z s:.- 
i- ....... .... 
 Q Q Q ON 0;) 
li'J! CD 00 CD Q Q Q 0 E 
 0> 
 
 ON CD 00 t- 
O> ..... co "<I' 0> to <N 
 
 
 <N 
 
 0> 0> I:- 00 t- 
I: Q...... .... co <N 
 

 
0 
U <II " bO bO bO bO bO 
 

....= -;::: 
 
 -;::: -;::: -;::: -;::: 
 -;::: -;::: 
 
 -;::: -;::: -;::: -;::: -;::: -;::: -;::: 1: 1: 'i: 

 
o; Q 
 Q 
 Q Q Q Q Q Q Q 
 Q Q Q Q Q 
 Q 
 
u 
E 
!-
 
0 
m :eg!ti Q C> C> Q Q Q 00 Q Q 0 0 Q 0 Q Q C> Q Q Q Q C> Q Q 
.... Q C> Q CD ID Q '<i' Q '<i' 00 
 CD Q C> 00 Q Q to 
 00 00 00 CD 
I: 
.8-
 
 
 
 
 0> 
 
 Q Q 
 .... co CQ 
 co co CD CD t- oo 0;) 0;) 
0 .... .... .... .... 

 1\1 
.5 ..c:: I = 

 . = 0 
<II = '" 'to 
.!! .g 00 t r:: 
 
 
00 
 I-< 
 
 = 
U 1\1 <II <II ..!oil <II I-< 
 1\1 111 a 0 
 III '0 I-< iii! 
A- = ; CJ ..!oil .... <II ; .5 = t 0 00 <II '" 
 <II 
 
1\1 CJ <II 
 I» 
. t 
 'i: Q;j 
 ..!oil = <II '0 0 = '0 1\1 N <II 
..!oil 
 
 Si I-< 
 <II = 1\1 
 
= i ::s:: ::s:: '0 
 I-< I» >- I» >- ; IX! 'i: g ::;: 
 
." = a Q;j ..:4 .... 
 
 
u 
 t t <II IX! a <II 00 00 <II 
 to.::! .!I: 
:I: <II I-< CJ t rn 00 t..!oil CJ IX! ..c:: '" '0 
.... ..!oil <II <II a 'i: t <II 0 = <II 
U = A A bO ci 
 
 
 <II <II '5 
 "g.
 <II = = A- >c e 
 
't I-< ..c:: 
 
 
 :9 <II 
U 
 I-< t g t 
 '" s: s: III :a 
Q; I-< <II 
 <II <II 0 ..c:: )i <II..!oiI 
 
 0 0 0 
 
 

 :I: :I: to.::! 0 
 < Q IX! >- >- 0 >- 0 I-a I-a '"' :I: . 
In .... 

 .... 
0 
0 J':l 
 J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l J':l 'g 
In C> '<i' '<i' ID 0> 
 
 5 
 <N to CD Q co t- t- co .., I:- 0;) 0> co 
"E 01 ;: 
 
 .0 .0 .0 c-i c-i c-i t:O t:O t:O t:O ..; ..; ..; ..; .,; .D eLl 
0 8 1ii 
u 
 ai ai ai ai ai 
 ?! ai ai ai 
 ai ai 
 ai ai ai ai ai ai ai ai ?! fIJ 
U I:- 
 CQ CD 
 CQ 00 '<i' to CQ CD 0;) CD Q 
 I:- 0 eLl 
D::: CJ 
 t:O t:O 
 
 
 
 t:O 
 ..; 
 :.1 .D <D .,; .,; .,; 00 00 00 0> .,.; .,.; 
I .3 .... .... .... .... "C$ 

 
 
 > > :> > > > > > > > > > > > :> > > :> > > .s 
0 
- 
 
 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 
 
 0> 0> 
 0> 0 
- ... 
U I-< oJ:) cu 
<II .., CD I:- 00 
 0 .... <N CQ '<i' to CD I:- Q .... 
 CQ '<i' to CD t- oo cu 
:is 
-a co co co co CQ CQ '<i' .., '<i' '<i' '<i' '<i' '<i' '<i' to 11:> to to 11:> 11:> '-'=> IQ to 00 

 
 <N 
 
 <N <N <N <N <N <N 
 <N 
 
 
 
 
 
 <N 
 
 ON 
0 

 ... ... .... .... .... .... i ... .... ... 
 ... ... .... .... .... ... ... .... .... ... ... 
 
I- = ::;: ::;: ::;: ::;: ::;: ::;: 
 
 ::;: ::;: 
 ::;: ::;: ::;: ::;: ::;: ::;: ::;: 
 ::;: 


59 



1 .., .., 
'i ] ] ] 1 

 '" '" '" 
0 0 0 0 0 

 
 
 
 
 
 
QI QI QI QI QI QI 
'" '" '" '" '" '" 
] 
 00 00 00 ! 00 

 
 
 III 
,.. tiC 
 tiO 
j <Ii QI 
 III III 
 0 III 
'0 '0 '0 <:> '0 
;g ;;::; ;;::: 
 
 
 oJ:) 
 
,S -a -a -a '3 '3 QI -a 
00 IIJ IIJ !II !II ,.. !II 
.... = = = = = .B = 

 QI QI QI QI III 
 
 
tiC tiC tiC tiC tiC 
g 0 0 0 0 III e 
.€; ,.. ,.. 
 
 
aI '0 ''0 '1:1 e '0 

 £ » » » » III » 
 

 
 
 
 
 
 
 
. e e 00 00 e E e a a e 
QI a a 
 Ei a 
 e a Ei e a e Ei a 
ItJ '" '" 
 
 '0 '" '" ,.. 
 
p 
 
 
 0 r:: 
 0 
 
 
 0 0 &: 
 0 0 
 
 
 
 
r.. r.. Q 
 p.. .... Q r.. Q Q Q Q r.. 
III ..... 
'0 s,..
 00 
:!:; 
 = .... oJ:) oJ:) <:> 00 00 en C 


 's .... (N co .... 
.... 
'tI = = = S 
.8....
 QI QI 0 QI QI QI QI QI III QI QI QI QI ,S III QI QI ,S QI III 

o= r:: tJ :p tJ tJ tJ tJ tJ tJ tJ tJ tJ tJ .... tJ tJ tJ .... tJ tJ .... 
'" tJ '" '" ,.. '" ,.. '" '" ,.. '" '" tJ '" '" '" 
 ,.. '" tJ 

 0 0 ::s 0 
 
 
 0 
 
 0 
 
 ::s 
 
 
 0 
 
 
Z r.. 00 r.. r.. r.. 00 00 r.. 
aI'tI 
:> = III"" 
QI
tJ..... 

-;
t Ie <:> (N 
 
 <:> oJ:) to oJ:) <:> <:> oJ:) 00 (N en en <:> 
(N (N .... ..... ..... 
 .... (N (N .... .... .... (N 
1iioSg
 

j! aI 11 11 11 11 
'8 'tI 
 
 '1:1 'tI '8 'tI 
 
 
 
= = = = = = 

!12 IIIItJ :p :j3 ,.. 
 
oo 11100 :i3 
1tJ 
oo ,.. 
 '" :i3 
r:: QI III .... tiC QI QI +' +' QI QI tiC tiC 
tJO .
Q! .!"a QI QI III 00 00 ItJ .!
 .
] ItJ III QI QI- .!Gi QI »= 
s »= QI 
:;.s III QI 
 '.. 
 QI 
 
,s '00 
.

 "'..c:: ,....c:: = = 5 :;.s :;
 
 = "'..c:: :;.s 
 = "'..c:: ,....c:: = r:: = 

oo 
oo III QI r.. ... III 
1tJ 
1tJ QI QI 11100 
In III III III +'1ij !i:i3 !i:i3 QI 
.gill :g
 tJ tJ $ r.. 's r.. ,.. tJ tJ .g
 .g
 r.. .... tJ S S .gill .gill tJ ti tJ 

 
; S 
""0 J
 
 .s e a 
 
 a .s .s 
 .s 
Ei 
'2 tJ QlO 1110 QlO '2 tJ '2 tJ 

 'i tJ l
 
(I) 

 
.... III 00 
:g 30 
'15 ;g =g ItJ 00 In !II 00 
'" 
,.. =", 00 
::I III ;:5 'Qj 'Qj 'Qj ,.. '1:1 
'O 'Qj 'Qj 
'O 'Qj 'Qj 'Qj 
:5 
p 'Qj 'Qj 'Qj '5 02 '5 02 
o2 'Qj 
c 
 
 
 ..:I 
 
 
 
 
 
 
 
 
 
 
 
''; 0 0 ..:I ..:I 0 0 0 0 00 00 00 
c 
 
Z' 
0 
.s
 a! oJ:) <:> ..... 
U (N 
 t- 
 (N 
en 00 .., (N 
Q j!
 .... 

 "'..... 
.. 00 
0 QlII1 
+'QI .s 
>- QI..c:: CD CD 00 00 CD CD 
 00 CD CD CD CD CD 
1S! ;:: ..... 0:> 

 
(I) Q- 
Z ..c::..... 

 +'+, <:> to <:> <:> <:> CD to <:> <:> oJ:) to t- 
 
 
 <:> 0:> 0:> 

QI 
 
 t- o:> 
 
 <:> 


 0:> co "" CD 00 CD 0:> (N 
 
 (N (N 0:> 
 CD 
 t- o:> 
C 0:> 0:> 0:> (N .... oJ:) .... 
::I 
0 
U QI " tiC 
 
 
 tiC tiC 
 tiC tiC 
 tiC 
 

....= ;:: ;:: t: 

 »OQl ;:: ::s ;:: ;:: ::s ;:: ;:: 
 
 ;:: ;:: ::s 
 ;:: ;:: ;:: 

 
 Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q 
(I) 
E 
m-::. 
0 
c:n .B QI QI +' <:> <:> <:> <:> <:> <:> 
 <:> <:> <:> <:> <:> <::> <:> <:> <:> <::> <:> <:> <:> <:> <:> <:> <::> Q 
.... '.. .8 
 a! 00 <:> 00 <:> <:> (N (N <:> <:> <:> (N <:> ..... 00 CD 00 <::> Ir.> CD ..... 00 
 ..... :1 
c ;:: -
 to oJ:) ..... oJ:) Ie ..... 0:> 0:> 0:> 0:> 0:> 0:> .., CD CD CD to .., 0:> 0:> IQ 5 5 
0 <III - 

 
.5 ..!oil 
= tJ 
III '" ,.. 
 '8 '8 '0 .
 '" 
eo!! '" = 
 
 
 QI 

 III 0 00 
U ..c:: 0 '0 III 
 = ..c:: ..c:: ..c:: tJ '" tiO 
+' !II ,.. 
 
 ..!oil = 
 tJ tJ tJ 00 tiC QI .
 ..c:: 

 oS 8 '" 
 e 00 00 00 QI QI r:: ..c:: 
 tJ '" 
,.. QI 
o 00 ,.. +' Q! 00 » 
..c:: 
 ..!oil ,.. 8 
 ! = j' 0 III '" QI ..!oil QI 
QI QI III 
... 
 
 > ..!oil 
tJ tJ S ..c::+' III 
 III '" [J 
 QI 00 
""0 
 00 » :> =» =» o.
 'i:: '" > 
 00 tiC = III = tJ 
(I) 
 ::0 >- :>- ::;:15 r.. > 'S; .
 .E '1:1 e ,.. :; 
 't r.:1 
.... 0 'tI ::s +' r::
 s::
 
 Z 
 » = ,.. -< QI 
U '15 '" ::s:: t:Q ,.. .s
 .s
 00 
 2 QI QI c; J III < 
 p.. p.. Q 
 <Ii 

 QI =00 'i:: ';:: 'i:: 
(I) s:: ,J:> 
oo -a r7J 
< Q = 
 
u ,.. s:: 
 r4 0 r4 III ::s ::s ::s < 
 = 'tI 
 d 
 GI < = 
 
 
en -< .... 
 r.. 0 
 < -< < 
 Q 
- .... 
0 
0 riI riI 
 riI 
 
 
 riI 
 riI 
 
 riI 
 
 
 riI 
 
 
 riI 
 
 
 riI 'C 
en CD 0:> to 0> <:> Ie 10 t- t- oo ..... 0> (N 00 CD <:> CD 
 d d 0:> 0> co 1:1 
"E 01 oD 
 
 oD 
 oD oD oD 
 
 0> 0> g 
 cO cO g g 
 cO oci ,...; <U 
= .... 
0 .S 00 ;1 00 00 00 00 00 00 00 00 00 00 00 1\1 

 +' ;1 00 00 
 00 00 00- 00 00 00- 00 00- 11.1 

 CD <:> 0> 00 0> 00 0> 0> <::> (N 0:> (N <::> to 00 t- o:> ..... 0> CD t- o:> 
CIII: 3 oD oD <D oci ..;. ..;. t:O t:O t:O t:O ..;. oci oci 
 
 
 
 oD 
 cO 0> 0> g g ;i .s 
I 0 
c: 
:> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> :> ;; .... 
- 0 
0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> 0> en 0> 0> 0> 0> 0> 0> 0> 0 
- .... 
(I) '" (N (N .., to CD <::> .... (N 0:> ..... oJ:) <U 
QI 0> <:> .... 0:> ..... to CD t- oo 0> <::> .... 0:> 0> <U 
::c; -,J:> to CD CD CD CD CD CD CD CD CD CD t- t- t- t- t- t- I
 t- oo 00 00 00 00 00 rI.I 
aim (N (N (N (N (N (N (N (N (N (N (N (N (N (N (N (N (N (N (N (N (N (N I(N (N 
a 
 
 
 
 
 
 i 
 i 
 +' 
 +' 
 
 
 i +' 
 i .... +' i 
 
I- 
s:: ::;: 
 ::;: 
 ::;: ::;: 


60 



III -; 

]

 
;.:: 'i Po.S 
.....
 a 
'S 
,1:1....;::: 
\10:':: 

 


'ii"C! 
:> I:: <II'" 

.$
Z' 
"" 
'\:: ti 

.s

 


 


11 
:::a 
c: 
.,t: 
c: 
o 
U 


..g .J4_ 
Poo
i 
<11+1'9,.... 
j:I 
...... 


..w: 
.. 
o 
>- 

 
v 
Z 

 
c: 
:::a 
o 
U 
t- 
v 
E 
o 
Q 
.... 
c: 
o 

 


<II 
 ... 
]1Il'iiZ' 

:
 ti 
<
 
 


.5 



 
-; 

 
-a 
.! 
u 
v 
-; 
en 
- 
O' 
en 
1 

 
I 
- 
- 


v 
JS 
o 
... 


.= 

 
a 

 



 


I:: 
uO 
.

 
1'" 
c
 
III 


",,- 

j 
D.s 
is...... 


,1:1- 

$ 


 



 
= 
0<11 

 


"" 
<II 
= 

 
o 


.. 
= 
.S! 
1ii 
.3 


... 
=i.8 

g 
s::I 


e 
o 
j:I 


IN 

 


<II 
U 
"" 

 



s 


 
1\je 
1::"" 
l!.a 
u 
tIJ 


00 


CD 


Q 

 


1:: 
j:I 


Q 

 



 
.!.II 
e 
riI 
= 


riI 
IN 
..Q 


rA' 
U') 
o? 
... 


:> 
CD 


CD 
00 
IN 
:;j 


a 
o 
j:I 



 ! 


Q 
CI) 


.... 
<II 

 


.
 .
 
.... "C3 

 
 


CN 

 



 

.g 
 
 s 
1
 
 i1 
<IIf: - 
 o "" 
-5.a 'Qj ,1:1 
tIJ p:;
"" 


CD 


Q 

 


1:: 
j:I 


Q 
CD 

 


<II 

 
!:I 
j:I 
:i1 

 


riI 
Q 
0& 


rA' 
t- 

 


:> 
CD 


t- 
oo 
IN 
$i 


'ii 

 

 
I:: 
.; 
.s 
r>:, 


co 


: 
 



 
 


o 0::> 
o Q 

 
 


; t 
.g 
 

 > 
..; r;Q 
..; r;Q 


riI riI 
t- 00 

 .$ 


rA' rA' 
CD Q 

 : 


,:> :> 
CD CD 


00 CD 
,00 00 
'-IN IN 
$i $I 



 
:a 
.... 
'" 
.5 
t 
» 
.... 
o 
I:: 
Po 

 
Po 



 
o 
00 
00 
<II 

 
"" 
<II 
Po 
e 
<II 
E-t 


'ii 

 

 
<II 
Z 


e 

 


e a e 

 
 
 



 ! 
 ! 


CN 


<II 
I:: 
o 
Z 


I:: I:: I:: I:: I:: I:: 

 
 
 
 
 :3 
 

 
 
 
 
 
 
 


.... 
Q 

 


t- t- U') 
t- 


t- Q r-- 

 


'ii 

 

 .... +3 


Qj 

 
"" e 
bII .... 



 ! 


8 .
 S IS 
t .... .... t 

 
 
 
 


co 00 
 



8 

+3 

m 


 
-5.... 
tIJ 


"C! 
2[3 
 
<II <II <II <II <II $'i <II <II <II 

 
 
 
 
 
 
: 
 
 J 
i i I I i I 1
 I I I 
p:; p:; p:; p:; p:; p:; d p:; p:; p:; 


00 

 


CD 



 
CD 
 
 
 
 


00 
.... 
IN 



 ;g 
 
 
 
 : 



 



 
 £ £ ! ! ! 


Q 
Q 
:} 


Q Q Q Q Q Q 
.... .... 00 CD .... IN 

 :} 
 .... CD 00 


co 


o 
z 


'ii 
C 
,1:1 
u 

 
<II 
is 


III 
C!I 

g:.!!!'a",,""t 
bj!:l
l!2e 

 '
 
 : 
 
 
 
- g o,C!I ..; 
....g
.a- M..... 
_ I:: Qj 
 <II 

 <11 0 r;Q p.. < 0 


riI 
CD 

 


riI riI riI riI riI riI riI 
CD .... t- t- 00 
 Q 
..; a5 00 d = ::: 
 


rA' 
.... 

 


rA' rA' rA' rA' rA' rA' rA' 
.... Q U') t- 
 
 00 

 
 : 
 ::: ::: = 


:> 
CD 


:> :> :> :> :> :> :> 
CD CD CD CD CD CD CD 


o 

 
,,;i 


.... IN CI) .... 00 co t- 
CD CD CD ,CD CD CD CD 
IN IN IN ,CN IN IN IN 
,$i $i i
 $i $I $EJ $i 


Q 
CD 


CI) IN 00 U') 
.... .... IN CD 



 bII 
 

 
 
 
 


Q 
Q 
co 


Q Q Q Q 
CN Q Q CN 
00 t- CD U') 


.!.II 't:J 
1\j ] 't:J ; 
p.. :; 
 
 

E-t=
 
g .5 
c; <5 
 )!j 


riI riI riI riI 

 CD CN IN 
::: = 
 
 


rA' rA' rA' rA' 
Q t- IN .... 

 
 
 
 


:> :> :> :> 
CD CD CD CD 


00 CD Q ... 
CD CD Q Q 
IN CN CI) CI) 
$i $i $i :i 


61 



 
Q 
11:> 
<II 
"" 
.a 
C!I 
"" 
<II 
Po 
a 
<II 
E-t 


e a 

 
 


Qj 

 -g 

 C!I[3 
.
] 
C!I'" 
.gC!l 
';:3 
;P 
o 


== 
'ii 

 

 
I:: 
.; 
o 

 


CD 


a 

 


LQ 
o? 


8 
i 

 



 


"C! 
I:: 
C!I
 
.
] 
C!I'" 
.gC!l 
.2
 
r::p 
d 



 


CD 


00 
LQ 


1:: 
j:I 


Q 
IN 
00 


't:J 
; 

 
:a 
E-t 

 


riI 
IN 

 


vi 
U') 

 


:> 
CD 


IN 
o 
CI) 
$i 


] 
"" 
o 
Po 
<II 
"" 


IIQ 
C!I 

. 

 
<IILQ 
't:JLQ 
5cu 

a 
1ii 
r::"" 
<11<11 

Po 
g
 

E-t 
::r:: 



 
j:I 


CI) 


= 
o 

 
tIJ 


00 
.... 


"C! 
r:: 
""'" 
<II 
.
] 
C!l1Il 
.gC!l 
.;u 
;:5 
o 


Q 
.... 


CD 


; 


"" 
j:I 


Q 
.... 
U') 


t 

 

 
:i 


riI 
CN 

 


rA' 
1.0 

 


:> 
CD 


CI) 
Q 
CI) 
$i 


a 

 


a 't:J 

 
 



 
.... 


U') 
0& 


t 

 



 .... 


-g 
C!I'" 
<II 
.
] 
C!I'" 
1C!1' 
'il u 
1::+3 
""P 
o 


Qj 
i 


<II 
I:: 
<II 
U 
.s 
.
 

 
p.., 



 


co 


CD co 


co 
00 


CD U') 

 t- 
.... 



 



 1: 
j:I j:I 


o 
.... 
10 


Q Q 
Q Q 
CI) co 


't:J 
j 
<II 

 
> 
:i 


1 
II. 
'
 =8 
- =,1:1 
... 
 
j != 


riI 
... 

 
... 


riI rail 
00 CD 

 ;: 


rA' 
U') 

 


rA' uj 
CD 00 
o? o? 


:> 
CD 


.... 
Q 
CI) 
;:;j 



 
IN 
LQ 
<II 
"" 
.a 
. 
"" 
<II 
Po 

 
E-t 



 
o 
Q 
LQ 
<II 
"" 

 
1ii 

 
- m 

 E-t 


! 
 J ] 


LQ 
LQ ..Q Q 
.... CI) 


<II 8 

 
 f t 

 ,;; 
 
 


: 
 
 
 


Qj 'ii 'ii 

 
 = 
fiO tt fiO 


::!.s 
C!I... 
r>:,e 
o 

;g 

 


! 
.s 
$ r>:,'s 
j 

 

 
't:J 
p.. io.:! 


<II <II 
I:: r:: 
<II <II 
S S 
.! .! 
J! .! 
p.. p.. 


Q 

 


CD 10 
 CD 


o CD IN Q 

 CD 
 £ 



 
 
 
' 


g g : 
 


CII 
I>- 
.t'i 
6"" 
» .S 8!. 

, 
 ;s l":
' 
<11 
 cB 
1::8 

 
 D 'is l": 
"" ==:= 1:::1'; 

 
 IE 

j:I 


riI riI riI riI 
00 CD .-4 .... 

 
 := = 


rA' 00 1'Ii I1i 
Q CD ... Q 

 o? 
 
 


:> :> 
CD CD 


:> :> :> :> 
CD CD CD CD 


U') CD 
o 0 
CI) co 
:;j $i, 


s 
 g 
 
co co co co 
it :i F :i 
I 
I 



 
1\1 
.... 
os 
ti 
1ii 
rI.I 

 
1 
.... 

 



.. 
CII 
p 
:sJtI 
- G3 Po'::: 


 S 
'g 

"O;a 
!:if 
'iI'tj 
Ji]

 


t! 

];- 


-0 
CiJ 
:::a 
c 
.';: 
c 
o 
U 
- 


lsJ
 
Ii 
D.e 
;5- 
ti 
CII.... 
j:I- 


..w: 
.. 
o 
>- 
. 
CiJ 
z 
i- 
c 
:::a 
o 
U 
t" 
CiJ 
E 
o 
en 
... 
c 
o 

 


]111
 
;eiJi] 
<.Q - 
as 


.5 
..!! 
U 
. 
-a 
CiJ 
... 
U 
CiJ 
U 
en 
"- 
o 
en 
1'! 
o 
u 
CiJ 
CIIC 
t 
- 
- 


CiJ 
::a 

 



 
J 



 
u O 
-;:3 
or> 


 
IIJ 


e'lo4.!. 

o1 


t 

 

 
o 


.. 
8 
:g 
o 
:3 


... 
:i 
j:I 



 
j:I 


Q 
c-:I 




 

'a 
ClIO 
3:8 

 


too 


U> 


too 
Q) 


'i: 
j:I 


e:> 
... 
co 


II) 
t 

 
'"' 
IX! 


rn 
<II 
<II 
.cI 
e: 
o 
> 


riI 
too 

 


u.i 
Q) 
o? 


> 
Q) 


.... 
.... 
co 
:ii 


-d 

 
e: 
Po 
<II 
'"' 


:i 
till 

 
= 
i 

 

 

 
» 
II: 


a 

 


U') 
Q 


t 
., 


c-:I 
.... 


'tj 
;gj 
.
] 
C!l1IJ 
.gC!l 
.2
 
;P 
o 


U> 


U> 


U> 

 


'i: 
j:I 


e:> 
00 
... 


I:: 

 
I:: 
:a 
u 

 
II: 
< 

 


riI 
U> 
Q 


u.i 
.... 
..j. 



 
Q) 



 
co 
$i 


-d 

 
'"' 
o 
Po 
<II 
'"' 


:i 
till 

 
= 
i 



 
o 
'"' 
"C! 
» 
II: 


! 


U') 
eN 


Q 
c-:I 


'tj 
I:: 
IIIIIJ 
<II 
.
G3 
j'
 
j
 


U') 
too 


U> 


IN 
e:> 
IN 



 


Q) 
U') 
... 


'tj 
Qj 
= 
.cI 
u 
rn 
'"' 
=a 
gj 
;:: 
C!I 
.cI 
o 


riI 

 


u.i 
... 
..j. 



 
Q) 



 
co 
$i 



 
I:: 
i 
:a 
<II 

 
,.g 
'tj 
11 
.
 
o 
Z 


! 


U') 
.... 


'8 
C!l1IJ 
<II 
.
 "a 


 
.gill 
.2
 
;P 
o 


e:> 
e:> 
.... 


U> 


too 
,..... 
IN 


'i: 
j:I 


e:> 
U') 
... 


-8 
III 
<II 
:=iI 

 
<II 
'"' 
'"' 

 


riI 
U') 
...; 


rn 
U> 
..j. 



 
Q) 


... 
.... 
co 
$i 



 


a 
'"' 
C!I 

 


e:> 
IN 


+> 
<II 
., 


too 
.... 


"C! 
I:: 
IIIIIJ 
<II 
.
] 
C!l1IJ 
.gill 
'2
 
;P 
o 


Q 
IN 


U> 


U> 
Q) 



 


e:> 
c-:I 
U> 


fJ 
j 
'"' 
o 
II: 
o 
< 


riI 
... 
eN 
.... 


u.i 
Q) 
.Q 


> 
Q) 



 
co 
:ii 



 
&: 


co 
Q 


CII 
U 
'"' 

 


00 


'tj 

 
C!lgj 
.

 


 
 
.g '" 
 
'2 u .s 
.. 
 IIJ 
;;P 'Qi 
o i:C 


IN 
IN 


U> 


U') 
IN 
.... 


;:: 
j:I 


e:> 
00 
'U> 


o 
U 
IIJ 
'u 
; 

 
] 

 
.cI 
o 


riI 
U') 

 


u.i 
e:> 
tt3 


> 
Q) 


U> 
.... 
co 
$i 


e:> U') 
e:> Q) 
.... 



 
 


e:> e:> 
Q e:> 
... too 


t 
 

 
 
&:i '"' 
CII 
J 
 


riI riI 

 
 
.... 
u.i u.i 
e:> Q) 
ci .,.: 


> 
 
Q) Q) 



 
 
co co 
$i $i 


a e 
r: 
 


U') ... 
IN 


8 
+> 

 
 


... 00 
.... .... 


Qj 

 '8 
6G IIIgj 
,
] 
C!l1IO 
.gC!l 
'2 u 
1:::i3 
ClIP 
o 


U> U> 


:iN 
till. 

 
<lie:> 
'tj1O 

CII 
&1:; 
+> 
III 

8. 
tIII m 
!e-. 
II: 


e 

 


CII 
U 

 

 


'tj 
I:: 
C!lgj +> 
.!"a 
j
 
'2'
 
;$ 
o 


U') 00 
.... 


00 


e:> 

 


;:: 
j:I 


e:> 
... 
... 


rn 
Po 
e 
8 


» 

 
ii! 
> 

 
...::I 


riI 

 
.... 


u.i 
c-:I 
Q 
.... 


> 
Q) 


Q) 
.... 
co 
$i 


] 
'"' 
o 
Po 
<II 
'"' 


U> 
c-:I 



 ;:: 
j:I j:I 


Q Q 
ao 0 
U> 00 


E 

 

 10"4 
I:: I:: 
I:: C!I 

 > 
:II 00 
o 
 


riI riI 
c-:I IN 

 Q 
.... 
u.i u.i 
IN e:> 

 
 


> 
 
Q) Q) 


Q .... 
c-:I IN 
co co 
$i $i 


a 
'"' 
 
&: j:I 


U') 
o? 


I:: 
o 
t 

 


.
 CII 
+> U 
U '"' 

 
 


IN U> 
.... 


'tj 
;gj :; S 
<II .
] CD 
 

 C!l1IJ 
 <II 
U .cI
 u u 

 '2'" 
 ! 
'S I::p 'S 
 
i:C 8 i:C p... 


00 


00 
... 


U') 

 


e:> 
IN 


! ! 


e:> e:> 
... IN 
... too 


C!I 
"C! 

 
'"' <II 
<II > 
I:: 00 

 » 
I:: J 

 
 


riI riI 

 
 


u.i u.i 
U> U') 

 
 


> > 
Q) Q) 


gj 
 
co co 
$i $i 


62 


Jt 
u 
oS 


rn 
;S 


+> 
as 


.5 
11 

 



 
's 
.; 


$
 
'"':G 

 


! ! 



 ! 
 ! 


8 
 8 
'"' '"' '"' +> 

 
 
 
 


+> +> +> 
<II <II <II »1:: 
I:: I:: 
 ls 

 
 j 

 
's .
 'Qi l! 0 
i:C p:; i:C J3.... 


c-:I 
IN 


! ! 


e:> e:> e:> e:> 
$ 
 $ 
 



 » 
'"' 
 
.cI I:: 
Po 
 
! 
 
 
 

 j 
 E-i 


riI riI riI riI 
too IN IN Q) 
eN Q Q Q 
.... 
u.i u.i u.i rn 

 .... co 00 
;::; 
 
 
 


:> 
 
 
 
Q) Q) Q) Q) 


... U') U> too 
c-:I IN IN c-:I 
co co co co 
$i $i $i $i 



 ;:: 
j:I j:I 



 
 
.
 ! 

 6 


a s 

 8 


CII 
U 
'"' +> 

 
 


e:> 
c-:I 


too 


'tj 
S ;gj 
cu .! "a 

 ti!
 
u .g III 

 '2'
 
'S ;p 
p:; 0 


Q 
U') 


U> 



 00 


co 
00 


.... e:> 
IN e:> 
co 


! 
 


e:> e:> 
e:> U> 
U> U') 



 

 

 
<II 
F= 3 

 J 
2 00 
IX! +> 

 S! 
< 
 


riI riI 
too 00 
,...t ,..t 


1'Ii 00 
.... Q 
ex) ex) 



 
 
Q) Q) 


00 Q) 
IN IN 
co co 
,$i :ii 


] 

 
Po 
<II 
'"' 


rn 
III 
till 


<II 
'tj.c 
=..: 
'S
 
IIO
 
I:: till 

.s 
2j 


 
II: 


a a 
 a 
 j 

 
 j:I 
 
 
 


U') 



 

 8 8 g B 
u '"' '"'... JC 
rB 
 
 
 r: 


U> ... Q U> 
.... 


'tj 
S +> +> S :; 5gj 
CII CII CII CII CII .!lii! 

 
 e 
 
 ji 
j f j j j 'i
 
p... p... p... p... p... 0 


U') 
IN 
.... 


... 
IN 



 
 
 
 


! ! ! ! ! ! 


e:> co e:> e:> Q 0 
:g fJ 
 
 
 i 



 1 
] 
 'S 

1'tj.a 

 Fi3 ; d 
00 >. 
 
 
= 
 
 
 


riI riI riI riI 
 riI 
U> co co co 
 co 
,... 
 ,...; 
 N 
 


1'Ii 1'Ii ui 1'Ii 1'Ii 00 
too Q U> ... 0 U> 
.; .; = = = .c 



 
 
 
 
 
 
Q) .Q) Q) .,. Q) .,. 


o ... IN co ... U') 
co eo co co co co 
co eo co co co co 
$i $i $i $i $i $i 


o 
e:> 
U') 


.0 

 
J 


... 
t 
z 


ai 
:a 
s 
os 
'8 
GJ 
-= 
fIJ 
j 
oS 


J 



. 
CII 
p 

g
i 
iH:; !..e 

 a 
'8 

'S
 
:&I 
"iJ"C! 
ta
::" 
--:i
 
!ji! 


-s 
-0 
::I 
U 
s:: 
o 
U 


'5 .114....... 

.s2! 

 1- 
""- 

J 
I
 
is::' 


..w: 
.. 
o 
>- 
. 
ell 
Z 

 
s:: 
::I 
o 
U 
t- 
ell 
E 
o 

 
s:: 
o 

 
.5 


cu f. A 
-g;,,- 

 J !IItj 
- -"'" 
-< -- 
,- 



 
-; 
. 
-a 
ell 
.... 
U 
ell 
-; 
ut 
- 
o 
ut 
-e 
o 
u 
ell 
CIIC 
I. 
- 
- 


" 
:s 
a 
I- 


.:i 

 
p:j 


I:: 
uO 
l! 

j 

 


'5- 

! 

-- 


e....= 
e;.' 0 ; 


t 

 
o 


.. 
s 

 
u 

 


"" 
:;1 


 


-d 
$ 

 

 
"" 
rn 
C!I 
tIIi 
-8 
c= 
1 
r= 

 
o 
"" 
"C! 

 


a 

 
 


8 
"" 

 


Q 
c<I 


"C! 
I:: 
C!l1I 
.!!!"i3 

i 
.cI 
'2'
 
;P 
o 


00 


CD 00 


Q Q 
c<I c<I 
... c<I 


1: i: 

 
 


Q U') 
c<I 0 
U') ... 


I 
of 
8 
> 


CII 
u 
"i3 
00 
ii j 


 
 


riI riI 
co &CO 
eN eN 


r1.i r1.i 
Q) Q) 
0& 
 


ii ii 
Q) Q) 


CD t- 
co co 
co co 
:it :ii 


&CO 
o? 


CII 
U 
"" 
o 

 


... 
co 



$ 

,.. 
e 
ClIO 

o 

'C 

 


e 
8 


e 
 E 

 
 
 


U') 
o? 


+> 
CII 
10) 


CII .
 CII 
U +> U 

 ! 
 



 


CD 00 CD 



$ 

... 
e 
cu,g 
308 

 


"C! 
r= 
+> +3 III
 
CII cu .!!!oa 

 
 
i 
u u 
 C!I 

 
 '2
 
'cu 'cu ;p 

 a:; 0 


Q 
c<I 


CD 



 CD 


... 

 


00 Q Q 
c<I c<I Q 
co 


1: 

 



 
 i: 

 
 
 


o 
c<I 
co 


Q Q Q 
00 CD Q 
co ... CD 


:&i 
III 

 

 
N 
U 
III 
p:j 


III 
: i 
 
J 
 ti3 
(,;I "C! .cI 
u "" 
 
:&I ! :8 
< riI 
 


"" 

 
Pot 


riI 
co 
o? 


riI riI riI 
CD CD 00 
o? o? o? 


r1.i 
c<I 
0& 


r1.i r1.i r1.i 
... t- &CO 
0& 0& cD 


ii 
Q) 


ii ii ii 
Q) Q) Q) 


00 
co 
co 
:it 


Q) Q ... 
0':1 ... ... 
co co co 
i $i $i 



 
 
 5 

 
 
 
 


co 


U') 00 
o? co o? 


r= r= 
,S CII 0 CII 
t 
 t 
 
J3 
 J3 
 


t- 
 
 


"C! 
S +> +3 ;gj +> 
CII CII cu .!!!"i3 CII 

 
 
 
i 
 
S S S 
C!I u 
m <n rn '2'
 
 
'cu 'Qj 'cu 
 P 'cu 
a:; a:; a:; 0 a:; 


CD 


... 
c<I 



 
 
 
 
c<I 



 
 tIIi 

 
 
 
 


Q 0 Q Q 
... 0 0 CD 
CD 00 t- t- 



 
r= :3 

 00 

 
 
d E-i 


"" 
ti 
t' > 
'; t 
3 ] 
gj > 
e 0 
.8 
E-4 r4 



 
 

 o? 


riI riI 
00 00 
o? eN 


r1.i r1.i rJ.i r1.i 
c<I t- CD Q) 
.,.: .,.: .,.: 00 


ii ii ii ii 
Q) Q) Q) Q) 


c<I co ... U') 
... ... "<I' ... 
co 0':1 co co 
:it $i :it :it 


CD 



 E 

 
 


CII CII 
U U 
"" "" 
o 0 

 
 



 
 



 
 
co 


tIIi 

 
 


Q Q 
U') CD 
00 t- 


"" 
-8 "" 

 
 
00 'cu 
r4 
 
= 
 


riI riI 
00 c<I 
o? ..; 


"C! 
r= 
III gj, 
,
] 
C!I<n 

C!I 
.2.
 
;P 
o 


CD 


r1.i r1.i 
co ... 
00 00 


ii ii 
Q) Q) 


t- 00 
... ... 
co 0':1 
$i )1 



 


CII 
U 
"" 

 


"C! 
am 
CII 
.
] 
"'''' 

C!I 
'2'
 

P 

 


CD 


Q 
Q 
co 


1: 

 


Q 
0::> 
00 


'0 
.8 
u 
00 

 
cu 
t:I:: 


.$ 

 


riI 
CD 
..; 


r1.i 
co 
00 


ii 
Q) 


Q) 
... 
co 
$i 


68 


e 

 

 


e 
 

 
 


0::> 
co 



 
o 
+3 

 
00 


.
 CII 
+> U 
U "" 
J3 
 


00 
c<I 


Q 
... 


"C! 
r= 
C!I<n 
CII +> 
.!! 
 cu 
k .cI r= 
C!I<n CII 
1J C!I u 
.

 
 
;;P 'Qj 
o a:; 


t- 


CD 


Q 
CD 



 
 
... 



 



 1: 

 
 


Q 
CD 
t- 


Q Q 
CD 00 
Q) Q) 


; 
s 
"" 
C!I 
III 
.114 

 
C!I 
"" 

 


r= 

 
 

 
 
i .114 

 a 
< 
 


riI 
co 
o? 


riI riI 
t- CD 
0& 0& 


r1.i 
CD 
0> 


ii 
Q) 


Q 
U') 
co 
$i 



 8 E 
 
.... 
 r: 
 



 
 8 
 
"" "" 
 "" 

 
 
 
 


t- 
 


"C! 
r= 
C!lgj +> +> +3 
.
] CII CII CII 
C!lm 
 
 
 


 
 s s 
c.u:;3 .. III ,
 
; p 'cu 'cu .!! 
o a:; a:; 
 


t- 



 
 ,
 
 


! ! ! 
 


00 Q 0 Q 
c<I CD Q 0 
Q) Q) t- ... 



 a! 
III I:: 
e 
 

 1 j gj 
ii ! 00 e 
s 

 ...; = E:: 


riI riI riI riI 
... t- ... 00 
0& 0& 0& ..; 


r1.i r1.i 
00 t- 
oo 00 


r1.i r1.i r1.i r1.i 
CD 00 co ... 
00 .,.: .,.: cD 


ii ii 
Q) Q) 


ii ii ii ii 
.,. Q) Q) Q) 


... c<I 
U') &CO 
co co 
)1 
 


co ... &CO t- 
&CO &CO U') U') 
co co co co 
)1 $i 
 $i 


00 
co 



$ 

,.. 
e 
CII,g 

o8 

 


00 


CD 



 



 

 


CII 
U 
"" 

 



 




 

'a 
CII,g 

o8 

 


... 


CD 


Q) 
00 


i: 

 


Q 
Q 
co 


gj 
'0 
.cI 
u 
Z 

 

 


riI 
Q) 

 


r1.i 
00 
0& 



 
Q) 


00 
U') 
co 
$i 



 
 


+> 


 
 

'a CII 
cuO S 
3:8 .
 

 a:; 


CD 


U') 

 


1: 

 


$ 
... 


"C! 
's 
.cI 
a3 



 
CII 

 


riI 
... 
0& 


r1.i 
co 
fJ5 


ii 
Q) 


Q) 
U') 
co 
$i 



 

 
II: 
!
 
:a8o 
=a
 
,Qgj 
'stili 

CII 
.g; 

iiJ 
:';::
 

cu 
""III 

 


! 



 
o 
Z 



 "" 
,S j! 
t .E 
J3 p:; 


Q 
... 


a! i 

 p. = 

 Q :rs 
CII 
r= 

 
.s 
<n 
'Iii 

 


CII CU 
r= 
 
CII CII 
S 'S 
III III 
'cu CII 
a:; a:; 


o 
c<I 


tIIi 

 


o 
... 
10 


.114 
u 
'j:; 
"" 

 

 
j 


riI 
t- 
iC 


r1.i 
Q) 
cD 


ii 
Q) 


o 
CD 
co 
:ii 



 t- t- 



 i 
 



 
 
 


! l ! 


Q 0 0 
0::> 0 Q 
co ,co co 


t 
 
= C!I 
;;;j 
 0 
: ; > 
"" ; 
! < > 
riI < d 



 
 
 
cD cD .,.: 


r1.i r1.i r1.i 
c<I 0':1 CD 
cD cD cD 


ii ii ii 
Q) .,. Q) 


fJ 
 
 
0':1 00 co 
$i $:i :ii 


"i3 
o 
1 

 


! 


uS 

 

 
.... 
o 
CU 
Co) 
,
 


 
1Ct 
cu Z 
ial>'; 
sJ 

<oOQ 
:!:.a
"" 

.
s:! 
=='
iS 
; IIlCU 
10) !1.!! I 



S 
';"d a
 

g1] 
cut;.'S's:Q 
2:.
j :g 

cuOIil 
1111':"""" 




 


.... 



.d 


d 

 
A 
i 
.9 
.... 
o 


b 
1:10 
1:10 
iiJ 


"" 

 

 


i 

 

 

 
:Q 
e 


o 

 
1:10 
Qi 

 


] 
l1 
! 
.= 



 
1t 
!.! 
.cI 
.$i 
11 
1Il,S 
! 
r= 
e 
:8 S .!-8 
C!I! d!1 . 

]
;! 
o 
 . aj 
go; t i... 
+3 
tf 
III 
 .. 
 e 
.ia1 a 
1:10'''-10 
,,
:gtO 
"" g:
 & a 

-<

d 


.,s 
,:: 
.... 


c; 
+3 


1Ii.d c3 -d Ii 




